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SPECIFICATIONS 

m H08IZOSTAL DIllECI-AmNC COMPODND SCREff ENGINES 

VESSEL OF 3,730 TONS DISPLACEMENT. 

Reference beiog had to the accompauying ilrawinge forming part of 
these gpeellieatioua. 

GENERAL DESCRIPTION. 

The eiifjincs will be placed in separate water-tight coin[>art- 
raeuts, aiid will be duplicates; the low-pressure cylinder being 
forward of the high-])ressure iu the forward, and aimft it in the 
after («mpartnient; the forward engine to turn the starboard 
propeller. 

Jjich engine will have a high and a low-pressure cylinder of 
44 and 85 inches diameter re8|»eotively, and a stroke of piston 
of 36 idcliod. The indicated horse-power to be about 7,503 
under forced draught. 

The high-pressure cylinders, covers, and lH>ttt>ius are to be 
steani-jacfceted with steam of boiler-pressure. The valve- 
chambers are to be cast on the cylinder-casings of both high- 
|>ressure and low-pressure engines. The stop-valves and 
thro'tles will be contained lu separate castings, bolted to the 
high-pressure cjlinder-casings. The main steam-valves will 
Ix; of the piston type, two to each cj-linder. The valve motion 
Is to be of the radial type, as shown in the drawings^ and 
arranged to etlect a gooil distribution of steam, without dis- 
torting the exhaust, when cutting off steam between the limits 
of I stroke and such a point as shall give the maximum 
power of the engines, as alwve specifie<t, with steam in boilers 
at 90 pounds pressure per square Inch. 
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Kac'li piston will have a single piston-rod, secured to a 
cross-head tnovin),; on straight eaides of rectangular section, 
which will Iw bolted to the cylmder-caaiDgs at one end and 
to the crsnk-shaft pillow-blocks at the other. The crauk- 
flhafis are to be of steel, each in a single forging, with cranks 
at right-angles. The castings forming the crank-shaft pil- 
low-blocks will be cast in one piece for each engine. They 
will \k bolted to the engine-sea tings, and stayeil to the cylin- 
ders by steel tie-nxis. 

The condensers wtll be cylindrical, placed athwartship as 
shown, and will be mide of sheet-bniss, except the flanges, 
tnbe-flheets, and nozzles, which will be of composition. 

The tubes are to be of brass. E;ich condenser is to have a 
cooling surface of not less than 6,750 square feet. The cir- 
culating water will jiasd through one-lialf of the tubes and 
return through the remainder; thence overboird through the 
outboard-delivery valves. 

The circulating-pumps, one for each condenser, will be of 
the centrifug-jl type; each driven by its own engine direct, and 
so arranged as to be vsed for freeing the bilges in case of n&- 
eissity. 

The air-pum[s, one for each condenser, will^be hoiizontal; 
each worked by an independent, two-craiik, compound engine. 
£:ich will deliver into a feed-tank in its engine-room. 

There is to be a vertical double-cylinder feed-en^ne, with 
two double-acting pumps, in each fire-room, to be used as 
main feed-pumps. Their suction-pipes are to connect to feed- 
tanks, hot-wells, and bottoms of condensers only. Each of 
these pumps is to be arranged so a.s to be capable of feeding 
each boiler or any boiler. 

A double-cylinder auxiliary engine, same as main feed- 
engines, with two double-acting pumps, is to be fitted iti each 
fire-room, with a set of feed-pipes, feed-valves, and overflow- 
valves, separate and distinct from the pipes and apparatus 
belonging to the main feed-pnmp=. These pnmps are to be 
fitted to draw water from the bottoms of the conder)scrs, from 
the feed-tanks, from the sea, and fronv UU^%. 



DETAILED SPECIFICATIONS. 

1HGH-PRES6UHE CYLINDER-CA8INGS. 

The high-pressure cylinder-casing of each main engine, 
which wiir iuclude tlie steam and exhaust ports and passages, 
inboard head, valve-chests, and sole-plate, is to be mode of best 
cast-iron. It will be about 52j iuchea in outside diameter, 
with \ralls 1^ iuches tliick, except at ends, where the thick- 
ness is increased, as showD in drawings. The inboard head 
will be 1| and 2 inches thick, will be ribbed on theoutside, and 
will have the piston-rod stufBng-box nozzle cast on. There 
will be at the bottom a sole-plate 10 x 56J x 1| inches, well 
ribbed to body of cylinder, faced on under side, and ha^ng 
holes drilled for holding-down bolts. There will be, at in- 
board end of the cylinder-casting a flange from top to bottom, 
faced and drilled, for bolting to the low-pressure cylinder. 
There will also be a flange extending all around the high- 
pressure exhaust-Dozzle, faced and drilled, for making the 
steam connection between the two cylinders. There will be a 
nozzle at lower part of head, with flange, for the relief-valve 
and drain-cock. There will also be on outside of casting the 
following facingn, raised and ribbed where necessary, viz : 

One for cylinder-cover ; 

Four for valve-chest bonnets ; 

One for throttle-valve; 

One for auxiliary exhaust to receiver ; 

One for stuffing-box flange ; 

One for cross-head slide; 

One for main tie-rod ; 

One for diagonal tie-rod ; 

Two for valve-motion rock-shaft brackets; 

One for steam to jacket ; 

One for jacket drain ; 

Two for valve-chest drains; 



One for receiver-drain ; 
Three for sturtiiig-Iever brackets; 
One for starting-valve cLest ; 
Two for indicator attachment. 

The casing will be bored to i-cccivc the cylimler-liiiing, as 
shown. 

IIIGH-PIIESSURE CVLlNDEB-I-INIStiS. 

The working lining of each higli-presenre cylinder will be 
made of cast-iron, as hard as tools can work. It will be 1§ 
inches thick, turne<l and fuced as shown. It is Ui be smoothly 
and accurately lM>red, in place, to a diameter of 44 inches for 
a length of-ll tnchsi, and to a diameter of 41J inches for the 
remainder of the outboard end. It is to be inserted in the 
cylinder-casing in such a manner as to be steam-tiglit at both 
ends and at outboiird steam -irnrt*. The onter cud is to come 
fair with the facing for cylinder-cover. 

illOII-I'RESSUllE CYMSDER-<OVKKS. 

FAivh high -pressure cylinder-cover is to be made of l>est 
cast-iron, with double shell, well ribljcd. It will bo cored 
to form a man-hole and Imred and faced for a man-hulc plnte. 
It is to be turned and faced to fit the cylinder-casing. It will 
have a lug for lifting by, and face<l bosses for Jacket steam 
and drain-pi|>es. The ril>K arc to have holes for the cirenla- 
tion of steam and draiu-hoU'S for water. Walls of covers to 
be 1^ inches thick. Each cover to be stH'ured to iu cjlinder 
by thirty-two 1 J-inch wrought-iron siiids, with finished 
nuts. 

lIIRII-rilESKURE -••TflAM-.TACKET, 

The steam-jacket of each high-pressure cylinder will con- 
sist of the sjKice between the cylindcr-ca-siug and cylinder- 
lining; also of the hollow of cyiinder-cover. Steam to be 
taken from top or side of the main stcam-pipc outside the 
engine stop-\'fllve with a pipe leading to each jacket-sp.-<«. 



A stop-valve to be in each branch of pipe. Drain-pipes from 
the lowest parts of each space are to lead to ao approved auto- 
matic trap, thence by independent pipes and valves to the 
feed-tank and bilge. 

IIIQII-PRESSURE VAI.VE-CHEfe-rS. 

Each high-pressure valve-chest will be fitted for two pistou- 
valves of 13 inches diameter. There will be an opening at 
e3<h eud of each valve-sent for removing the valves and valve- 
chist linings. Each opening will have a single-plate cast-iron 
cover, as shown ; each with a boss for an oil-cup, and with 
oil ])assages for lubricating the valve-slems. Each inboard 
cover will have a stufBng-box, as shown, with a grooved bear- 
ing for supporting the weight of valve. E^h outboard 
cover will have a projecting cover for valve-stem, with a 
grooved bearing, boss for oil-cup, and oil passages, same as 
inboard cover. Each cover to be secured by ten J-inch studs 
and nuts. The valve-chests will l)e accurately bored and 
faced to receive the working linings. 

HIOir-PItESSUItB VA1,VE-CHEST LINISGS. 

There will l)e a working lining at each end of each high- 
pressure valve, made of cast-iron as hard as tools can work. 
Each lining will be turned and faced, and will be so inserted 
in the bore of the valve-chest as to make all joints steam-tight. 
The linings are to be kept in place by the valve-chest covers 
as shown. They will each be smoothly and accurately bured, 
in place, to a diameter of 13 inches. 

HIGH-PRESSURE 8TEAM-POHTS. 

The high-pressure steam-ports in valve-chest linings will 
be 3J inches wide. Each will contain six diagonal bridges, of 
dimensions as shown. The steam-passages leading to cylinders 
to be made as shown, and smoothly cored. 



lIIGH-PRE'iSUBB PISTON- VALVES. 

Each liigh-pressure piston-valvo is to be marJe of tough 
ca&t-iroii with followers of same. Each follower to be se- 
cured by four J-inch wrought-iron bolts, with T-lieads, and 
with square composition nuts, locked as shown. The wearing 
and packing-rings to l>e of east-iron. The packing-rings to 
be cut obliquely and tonened. All i>arts except the connect- 
ing trunk to be turntMl, bored, and faced. The inboard end 
of each valve to contain a wrought-iron ring, borod tapering, 
for a bearing for the valve-slcni. 

lIlGil-PREHSUBB VAI.VK-STEM.S, 

Each high-pressure valve-stem will lie of forged steel, 3J 
inches diameter at stuffing-box. The iiil>oard end will be 
formed iiilo a bearing fur the valve link-pin ; fitted with 
bras'jes, cup, bolls, lock-nuts, and keepers. The stem will 
have a tapered lienring in the ring at inboani end of valve, and 
will be secui-c*! at the other end by a cast-iion sleeve, wrewed 
on with Icft-hnndul thread. This sleeve is to be turned and 
to slide in the Ix-aring in outl>oanl cover to take the weight 
of the valve. The sleeve to l>e further secured by a round 
nut with rigiit-handc<l thread, and by a split-pin keeper. A 
tool, an shown, to be furni^^hixl fi)r screwing the sleeves ou 
the valvc-steniH. 

l.(l«-Pltl*f-i;KE CYLINDER-CASINGS. 

The luw-prcssnrc cylinder-casing of each engine, which will 
include the steam and cxhaust-i«»rts and jiassages, inboard- 
head, valve-chest, and 8')le-plate8, is to Ije made of best cast- 
iron of suffietcnt hanlness, consistent with strength, to form a 
working cylinder, without lining. It will bo smoothly and 
accurately Ixirwl U) an internal diameter of 8.5 iuehes for a 
length of 41 inches, leaving the walls I J inches thick ; the re- 
mainder of the outlioard end l>eing Imreil to an internal diame- 
ter of 86J inclHs. The inboard head will lie 1 J and, 2 ".txck^sa. 



thick, will be ribl)ed on the outside, and will have the pistoD- 
rod stuffing-box uozzle cast od, as well as a nozzle at the bot- 
tom for a 16-inch man-hole. There will be at the bottom of 
cylinder-casing two sole-plates, each 10 x 66^ x 1| inches, well 
ribbed to body of OTlinder, faced on under sides, and having 
holes drilled for holding-down bolts. 

There will be flanges at inboard end and around the high- 
pressure exhaust-passage to match those on the high-pressure 
cylinder. 

There will be on the outside of casing the following facings, 
raised and ribbed where necessary, viz : 

One for cylinder-cover; 

Four for valve-cheat covers; 

One for main exhaust-pipe; 

One for stuffing-box flange ; 

One for man-hole plate ; 

One fur cross-head slide ; 

Two for main tie-ro<ls ; 

One for diagonal tie-rod ; 

Two for valve-motion rock-shaft bmckets ; 

One for cylinder of reversing-engiue ; 

One for reversing-cngine throttle- valve cosing; 

One for rever^ing-engine exhaust connection ; 

One for receiver safety-valve ; 

Two for indicator attachments; 

Two for starting- valve pipes; 

BOLTING CVJ.ISDERS "RHJETHER. 

The high-pressure and low-pressure cylinders of each en- 
gine are to be bolted together by l^-inch body-bound wrought- 
iron bolts and studs with finished nuts. When bolted together 
thp faces of all sole-plates must lie awurately in one plane ; 
end the axes of the cylinders must be parallel with each other, 
6 feet 9 inches apart, and must, at corresponding [>oint3, be 
cqnidistant from sole-plate plane. 



IX)W-PRESSURE CYLIXDER-COVERS, 

The low-pressure cyliutler-covers are to be similar in form, 
material, and manufaLtiire to those of the high-i)rcssure cyl- 
inders; but will have 1^-inch walls, ami will not be steam - 
jacketed. Each cover to be secured to its cylin<ler by 35 
1^-inch stn<ls with finished nuts. 

LOW-PRESSURE VAIA'E-CHESTS. 

Eacli low-pressure valve-chest will be fitted, iu the same 
manner aft the high-pressure chests, for two 26-inch piston- 
valves. Each valve-chest cover will have a boss for attaching 
an oil-cup, but tlie oil connections with valve-stem sleeves 
will be maile by intcnial pi[>es instead of being drilled iu the 
castings. Each cover to l>e secured by twelve |-iuch studs 
and finished nuts. In making the outl>oard covers of both 
high-pressure and low-pressure valve-chests the detail draw- 
ings will be followed, and not the general plans of engines, 
which arc in error, 

I.OW-PJ!E>«URR VAI.VE-CHEST LININGS. 

The working liuings of the low-pressure valve-chests will 
l>e similar in material and fitting to those of the high-pi-essure 
engines ; but will he cut short at the outer ends, and each will 
l)c secured in pljice by a wrouglit-iron ring, in sectioiLS, well 
bolted to the walls of the corres|M)nding steam-iinzzle. They 
will each l>e smoothly and accurately bored, in place, to an in- 
ternal diameter of 2(j inches. 

LOW-PRfSSURB STEAM-rORTS. 

Eiich steam-]>iirt in the low-pressure Vidve-chcst linhigs 
will be 5 inches wide. Each will contain 1 2 diagonal bridges 
as shown. The steam [>assagcs to he made as shown, and 
smoothly cored. 
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rAtW-PRtSSUJlE PISTO.N-VALVBS. 
Each low-prcpsure piston -val vc is to be made of com[K>si- 
tion. The shell is to be ^^inch thick at middle and -jJ^-inch 
at ends. Tiic spiders for conuet-ting with the valve-stem are 
to be cost se[)aratc])' and bolted in as sliown. That at the in- 
board end will be bored to a sliding lit on valve-stem; that 
at the outboard end will carry a wrought-iron ring, l>urc<l ta- 
pering, to fit valve-stem. The packmg of valves to l>e as 
shown in (k-tnti drawings. 

LOW-PRFSSUKE VALVE-STEMS. 
Eu<;li low-pressure valve-stem will be made of forged steel, 
3J inches diameter at stuliiiig-l>ox and 2 inches diameter Ijc- 
tween valve- spit tcrs. It will have a 2J-i[icli hole drillel 
uxially in that part which is 8J inche.^ diameter; tliia hole to 
have a scrcw-phig at end. The iclmard end to be finished 
same a.s for high -pressure engines. The stem will have a 
tajrenJ bearing in the ring carried by the outboard valve- 
spider, and wilt be secured in place by a com|>osition sleeve 
screwed on with riglit-hnnde<l thread. This sleeve is to be 
turned, and to slide in the bearing in on. board cover to take 
the weight of valve. The sleeve to be further secured by a 
long tap-l)olt stTCweJ into valve-stem end with left-handed 
thread. 

L'YlJ.VUEIt MAN-JIOI^ COVEIW. 

The iniin-lioles in cylinder-covers are to have covers to fit 
bores and facings and rcccnsed fur the piston-bosses an<l iiutH. 
They arc to be of cast-iron, and will have facings for relief- 
valve flanges. The o|)ening8 to rcHcf-valves will be, for the 
high-pressure engines, 3 inches diameter, and for the low- 
pressure engines 6 inches diameter. The covers for tlie low- 
pressure inboanl man-holes will be cored out as shown, with 
nozzles and facings for 6-ineh relief-valves. Ail covers to In- 
well se<aired by wrought-iron studs, and to l)e provided with 
forcing-lmlts and eye-bolts; also to \k ho fitt«?<.l <VwA. -«'As;5'>. 
may be used in breaking joints. 



Tilt; receiver of each engiue will consist of the cored passages 
between the liigh and low-pressure valves. Eacih will be 
fitted with a spring safety-valve of approved design, with 
nickel seat, having an opening of 3 inches diameter and 
loadwl to 40 ])i)nnds \kt square inch above atmospheric 
presaurt!. 

CYLINDER lIXyrJIIMi. 

The cylinder-casings, after being teatwl and secured in the 
vLfisel, are to l>e covered with approved nnn-conducting 
material and ncntly lagged with black walnut all over. The 
lading to t>e removable, in one piece, over each cylinder cover, 
man-hole cover, valve-chest cover, and starting- valve chest. 
The lagging elsewhere to be .«o secured as to be easily removed, 
replaced, and repairctl. 

MAIS I'IST<IN8. 

The main pistoiiH arc to be of cast^tccl, 2| inches thick at 
boss and 1 1 incites at periphery. The followers are to be 
mad'} of cast-steel, fitte<l to pistons, and secured by 1 J-inch 
T-headed wroughtr-iron bolts, with square composition nuts 
and approved keeiiers — 10 for each high -pressure and 22 for 
each low-pressure piston. The packing-rings to be of cast-iron 
1 3 inches thick, cut diagonally, tongued as shown, sprung in 
and turned to the diameters of cylinders. They are to l»e 
pressed out by springs of f-inch rounil steel in flat-si{led 
spiral form, as shown — 10 for each higli-pressure and 20 for 
each low-pressure piston. A sheet-brass liner, resting on the 
|>acking-rtng, will take the weight of each j>iston. These 
liners to be 22 inches long for the high-pressurt- and 32 inches 
long for the low-pressure cyliuders. The pistons to be fitted 
to work steam-tight without undue friction. They are to be 
bored ta[)cr and parallel to receive the piston-rods, and faced 
for piston-rod nuts. 
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nSTON-RODS. 

The piston-nxls are to be forged of mild steel, and fiiiislied 
to a diameter of 7i inches. Tliey are to !« turned taper and 
parallel at ends to fit lx>res of pistons and cross-heads, and to 
oave clearance in parallel part as shown. All piston-rods to 
be interchangeable. Each piston-rod to be secured to its 
piston by a wrouglit-iron nut with approved locking device, 
and to its cniss-l lend by a recessed wnnight^iron nut with steel 
set-screw and split-pin. 

PISTON-ROD STUFFINO-BOXES. 

The main piijton-rod stufSng-boxes and glands arc to be of 
cast-iron with grooved composition bushings. Each gland to 
be ad usted by two composition nuts, mnde to turn in unison 
by means of composition pinions and spur-ring with cut teeth. 

VALVE-OEAR. 

The valve-gear is to be of the Marshall type, an<l must be 
adjusted to cut olT steam, in forward gear, without distorting 
the exhaust or compression, between the limits of ^ stroke 
and such a point as shall give the maximum engine-power, as 
above si>eciiie<l, when carrying steam in toilers at 90 pounds 
per Sfjuure inch above the atmospheric pressure. The adjust- 
ment to be such that the points of cut-off at the two ends of 
each cylinder must not vary froni each other outside of the 
following limits, viz: 

Nominal cut-off, J: extremes, 0.24 and 0.26 stroke. 
Nominal cut-off, ^; extremes, 0.49 and 0.51 stroke. 

The adjustment to also be such that no serious wire-draw- 
ing of steam shall take place at the grades of expansion above 
Fipecified; also that tlie distribution uf steam in Eiackward gear 
shall be such as to allow the engines to be reversed quiddy 
and to run astern at full power. 



KCCENTBICS. 

Each ecoeiitric, of cast-steel, is to Iw made In two parts, 
fattened tt^tlicr by two Ij^-incli bolts. It is to be secured 
in its place on iho shaft by a IJ-incli steel tap-bolt screwed 
into the web of tlie adjoining crank. It is to fit its shaft 
enugly and to bo tnriieil accurately to an eccentricity of 2^ 
inches, recessed at sides to fit the flanges of its strap. 

ECrBNTBK-STRAI'S AND LEVEIiS, 

E^ch eccentric-strap is lo l« in two parts, of cast-stoel, 
with brass Iiushtiigs sccurt^ly fitte<l and truly bored to tit its 
eccentric. The two parts arc to lie firmly fastened together 
by two I^-iiich steel iKilts with lock-nuts and keejKtrs, and 
to be separated by brass chipping pieces, A prolongation of 
one [xirt of each ccceutric-.^trap will form the eccentric-lever, 
and wilt carry two steel pins for connection with the radius 
arm and valve connecting-rod. The former of these pins is 
to Itc SHrronnde<l by a steel bushing, secnrely ])inncd. 

KEVKliSlNG-ARMS. 
Each reversing-arm is to form j)art of the reversing quad- 
rant common to each pair of engines, and is to l)e 16^ inches 
betwicn main centers. 

KAI)irS-I,IXK.S. 

Each radius-link, of forged-steel, is to have a dosed end 
for the rcversing-arm connection, with brasses and adjusting 
wedge. Atthcccicntric-leverend there will be brasses secured 
by a steel cap and bolts with lock-nuts and keepers. The dis- 
tance betwe<>n centers to lie IGJ inches. 

VALVE COXNE(TrNG-ROIIS. 

Each valve coiinecting-rfid, of forged-steel, is to l>e syni- 
mctric«! as to its ends. Each end wdl have brasses secured 
by bolts with lock-nuts and keejiers, the outer brass forming 
the cap. -Each rod lo be about 6 feet ]J inches between 
centers ; the actual length to depend on ad justiuiRt oC N-^k-^t, 



VALVE-MOTION HOrK-SIlAFTfi. 

The viil ve-motion rock -shafts arc to Ih? maile of steel, 
finished all over. The piii-s for valve-lhik and valve coiinect- 
ing-rotl ('onneclioiis to l>e of stoel, shrunk in and woll secured. 
The details to be as shown in drawings. 

VAt.VK-MItTION ItOCK-HHAFT IIBARIXGS. 

Each vulve-motion rotk-shaft will lie carried in two hear- 
ings, each supported hya cast-iran bracket Iwt ted tofacingson 
the corresponding cylinder-rasing. Each bracket to be further 
supported hy a wroupht-iron stanchion 6tep])c<l on the engine 
()ed-p]ate. The details of licarings to be as shown in the 
drawings. 

VAI.V1->I,IKKS. 

Kacli vidve-liiik, of forged steel, will he finished at one end 
similar tu the valve connecting-rod ends. This end to en- 
gage with the pin in arm on the valve-motion rock-shaft. 
The other end is to lie forked, with a steel pin shrunk in, to 
connect with the valve-stem. Each link to be finii-hcdall 
over and to be a)>out 9 inches between centers; the actual 
length to dciM'nd ujMin adjustment of valve. 

HFVRItSISG-QUADRAKT. 

Tlie rcversing-quad rants, one for each pair of engines, are 
to Iw made of cast-stocl, cored out as fhown. The main 
jounmis to l)c turned on the casting. The connections to 
radius-links and reversing-ongines to t)e by means of pins, of 
foi^-d Bfecl, shrunk in and well secured. 

ItEVERSING-QUADRAKT BEAItlJiUS. 

Each reversing-tpiadrant will be carried in two I>earings, the 
housings of which are to be cast on top of the middle prtlow- 
lilock of the crank-shaft bearings. The l)earings to l)e adjast- 
alile, as shown. 
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RKVERSINn-ENCINES. 

Eiirh [fversing-eiiginc will consist of astoam-t-ylincler with 
a hydraulic coulrolliug cylinder. Tlie steam -cylinder is to Iw 
Iwlted to a facing on the low-pressure cylinder-casing. The 
hydraulic cylinder, connecting- frame, and inl>oar(l head of 
steam-<'yliiid(!r are to Iks in one casting, well secured to the 
.stcam-cylindur,and furtlier supported by a wrought-iron stan- 
chion stepped on the middle crank-shaft pillow-block. The 
steam-piston to have metallic ])acking. The steam piston- 
ro<l to l>e enlai^I at the end to form a (Toss-head and to have 
a collar, into which the hydraulic piston-rod will l»e firmly 
screwed. The hydraulic piston-rod is to ymss through both 
heads of its cylinder, and to be of equal diameter at both ends. 
The hydraulic piston and rod are to Ik packed with cu[)-leatii- 
crs; Sparc leolhers to be fiirniished. From the cross-head two 
connecting-rods will connect with the proper pins in the revers- 
ing-<fiiadrant. The valve of the steam-cylinder will l)e of tlie 
piston pattern, of composition, working in a com position -lined 
valve-chest. There will be a bye-pass valve on the hydraulic 
cylinder which will conform to such drawings as mny be fur- 
nished, or, failing this, to l>e of approve<l pattern; it will be 
n'orke<l by a raiitinuation of the stem of the slcani [>iston- valve. 
These valves will l>e worked by a system of ditlerenlial levers, 
as shown — the ])rimary motion being derived from the hand- 
lever at the working platform and the secondary motion from 
a pin on the reversing-quadrant. All parts to be so adjusted 
that the reversing-engiiic shall follow the motion of the hand- 
lever and 1k' held firmly when slopped. There will be a throt- 
lle-valve in the sleam-pii>e to the revcrsing-engine and a cock 
in the bye-pass of the hydraulic cylinder; both of these to t>e 
controlled by one lever at the working-platform. 

The reversing-enginc will take steam from the main steam- 
pil>e lieyond the engwie stop-valve and throttle; also from the 
auxiliary s(eani-pii>e, and will exhaust into the low-pressure 
cylinder valve-chest at inlioard end, or into escai)e-[)ii)e, at 
will. 
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WORKIXO-PLATFOBM. 



There is to be a working-platform situated near each Iilgli- 
pressure cj-Hiider, of such height that all working levers can 
ooaveuiently be reached. The counter, revolutiou -indicators, 
clock, gauges, telegraph -dials, and other engine-room fittings 
are to be so placed near the working-platform as to be in full 
view while working the engines; speakine-tube mouth-pieces, 
and telegraph -levers to be conveniently placeil. 

WORKIXO-I,EVF.R8 AND GEAR. 

There will be at each working-platform the following work- 
ing-levers, viz: 

One reversing-lcver ; 

One throttle- valve lever; 

One starting- valve lever; 

All these to be fitted with spring-catches and notched sectors 
of " locomotive pattern." 

One reversing-engine throttle-lever; 

Four levers tor cylinder and valve-chost drain-cof^ks. 

There will also be a hand-wheel for working the throttle of 
the main pumpiiig-cngtnes ; two hand-wheels for working the 
main steam-pipe stop-valves in the hydraulic engine-room; one 
for main stop-valve; one for bleeder-valve ; one for slarting- 
valve steam-pipe stop-valve; one for 8toi>-val vein live steam- 
■pi[»e to receiver. 

CYLISDER REI.IEF-VAl^VES. 

Tiierj will be an autoLn:itic-spring rclief-valvo of 3 inches 
diameter at each end of each high-prewure (■yliuder,aud one of 
6 inches diameter at each end of each low-])rcssiire cylinder. 
The springs must lie long enough to allow the valves to ojKjn 
to their full extent without unduly iiicrciLsing the load, and 
will liiivu approved nieaas of adjustment. The spindles against 
which the springs l>ear must fit hwsely in sockets recesiwd in 
the valves, but will be so fittei.1 lUat X,W vij\\»^ iwi\*.-«-w'A, 
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by the application of a lever. The valvos are Ut be fitted with 
casing?, which will prevent dangsr of people being scalded l»y 
hot w.iter from the cylindew, and prevent steam and water 
from reaching the springs. Suitable fnlcruiDi are lo be on 
eatings for the application of a lever for working the valves. 
One lever for this purpose to be supplied to each engino-rooin. 
All si)rings are to pitss a satistlietory test, 

CYLINDKR DRAINMflCKS. 

There will be filled to each end of each cylinder, at lM)ttoin, 
a drain-cock of approved deiigii. with not less tliun 1} indies 
opening. These eoiks lo have bottoms cast in the shells and 
to be pocked. They will have conind-pointed relieving- 
screw.s bearing against the Imttoms of plugs to prevent setting 
fast. The co;:ks are to Iw o|M'rat«i by levers at the wiirking- 
p'atfonns. All the drainKMckH of each propelling-engine are 
to connect with ap.ipeof ample sizi-leading, with u nnn-retnrn 
valve, to the fesd-tank or condenser, as may lie directed. A 
branch of this pipe will lead to the bilge. The cock connect- 
ing the two br.inclics mn^t be such that one connection must 
always be open, but nevi^r b >th. Snail drain-c ic!ts to hi in 
lowest mrts of pijjes. 

Similar drain-coi-ka, to I<o worke<l from the wi>rhing-plat- 
form*, will bj fitted to the valve-chests. 



STAUTISa-VAIA'ES, 

Kach pair of engines will have a starling- valve, as shown in 
detail drawing. It will be bolted on facing on top of Iiigh- 
presiure cylinder, and will tjike steam by an in(lep<^ndent pipe, 
with stop-valve, from the main stcam-pi[)e Ijeyond the engine 
stop-valve. Steam will lie led from the starting- valve jiorts 
to each end of the low-pressure cylinder by a copjwr pipe, as 
shown in gener.il plan. The starting- valve lever is to work 
in the same direction as the resulting motion of the low-prc-Jsure 
piston. 
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TllHOTTI.K-VAI.VKS. 

Tlien; will he for esujli engine, lM»ite<l tu liigli -pressure valve- 
chest, a tlirottlc-valve (if composition, 03 shown in drawings. 
It 18 to work frfely when !iot or cold, and be sufficiently tight 
to just supply stc.im to the engines when they are rniining at 
tiieir lowest pos:4ihIe sjwed. It is to be worked by a lever, as 
uImivo uotL-d. 

EXlilNE (iTOr-VALVK, 

Eaeh engine stop-valve, coiitaiiiei.1 in the same casting as the 
throttie-vatvc, is to be of the double-seated er[uilibrium pattern, 
and (instructed entirely of com[)osition It will fit loosely on 
its stem and Im> fitted wilh relieving-valves. It will l>e fitted 
to work, by l«]vel-gear, from the working- plat form, and by 
universal joint, rwls, and wheel from the main deck. The 
valve-casing will have, on the boiler side, facings for the fol- 
lowing pi[>e-<'onnc(;tions: 

One for Btciiin to reversing-englne; 

One for steam to receiver; 

( >no for steam lo bleeder. 

There will l)e atlaelicd, at lH)ttom of ca-iing, a drain-valve 
with pipe loading to feed-tank. 

MAIN C'1K)KS-IIKA1)S. 

Piicli main <;ri>s,s-lK3id ia to lie of oast-steel, lilted to pislon- 
nxl as before de.*<'ribed. It will rest on a last-iroii liner, as 
shown, working on the eross-he^id slide. The oonnecting-ro«l 
thrust, in backing, will be taken by a enst-iron box, ribl)e<l, 
lK>ssed, anil fUled, as shown, to the cross-head, and GLVured by 
four l|-ineh stwl Iwlts witii rea^swl nuts and sel-sorews. 
I'^jieh eross-hoad to have a wii>er-oiling gear. 

The cross-bond jtmrnals are to lie truly turned an<l faeod, 
each 7 J inches diameter and 8 J inches l<mg, A JJ-inch 
hole is tu lie drilliMl a.-iially from en<l to end of pins and 
bored tapriiig at ends, as shown. 
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CROSS-HEAD SLIDES. 

Tli(! fniwi-liciwl slides are to be oi' (orgcd sUol, fini^hcxl all 
over, Kiicli will be bolted to a bracket on eylinder-easing 
by two 2-inoh iMMly-bound Bteel bolte, and to a bracket on 
main pillow-block frame in a similar manner, Kacli slide, 
in the working jiart, will Imj rectangular, 21 x 4^ inches in 
cross-section. Kach to Ije grooved and otherwise fitted for 
lubrication as sliown. All Itcarings to be true plane surfaees, 
and opiHisite sides to be jKindlcl. 

( ox XECTI N(i-IMUW. 

The wunieiiting-nHis will be made of wrougl it-iron, and, 
with all fittings, finished ail over. They will conform to the 
detail drawings with the exception of the crank-pin bindcr- 
boltfi. These Ixtlts will l>e so fittcil that the nuts will come 
at the ea]> end instead of us f^hown. The neccssaiy alterations, 
to effect this change, in the eonnccting-rud ends, and cajtff, 
will Ite mode in an appnive<l manner. 

The orank-]»in brasses will be lined with white nietid in 
Htrips, as shown. 

All «ii>s and brasses will be fitted with cye-bolls for hand- 
ling. 

The chipping piet^s will Im; channcliMl fur convenience in 
reducing them. 

The cnink-piu an<I Mrist-phi brassis are to lie faced with 
just sufficient end clearance to prevent nijiping when heated. 

CltANK-SIIAJ'T I*1LI/)W-1II.0UKS. 

The crank-shaft |iillow-blo<:k for each pair of engines will 
be in one piet«, of cast-iron, as shown iu detail drawings. 

The cajjs will Ije of cast-iron and .snugly fitted to the jiiM*s. 
The crank-shaft brasses will W lined with white metal in 
strips, and will l>e prevented from turning in their jaws l)y 
the binder-bolts l>eing let partly into them. 



Tlic pi I low -blocks of each pair of engines, after being 
Beciired in place in the vessel, will have their caps l)oIte(l on 
and the jaws and caps bored out to dimensions, accurately in 
line. 

The brasses, after being fittwi to their jaws and cajis, will 
also be bored out in place. Holes, as shown, will l)e drilled 
in pillow-blocks and brasses, and tap))c.l for the reception 
of the water-servif-e pi|>es. The sole-plate of each pillow- 
block frame is to lie faced to a true plane surface; also the 
brackets and Ixsses for cross-head slides and tie-rods, atid the 
ends and sides of bearing-jaws. The crank-shaft brasses arc 
to have just sufficient cud clearance to prevent nipping when 
heatwl. 

EXGl.VE-FliAJlE TIE-RODS. 

The pillow-blocks of each |iair of engines will 1)C tied 
to the cylinders by three tie-rods of forged steel, 6 inches in 
diameter, as shown in detail drawings; also by two diagonal 
tie-rods of foiled steel, at>nut 4 inches in diameter. 

Each tic-rod will have T-^nds, and \>e secured by Uvn forged 
steel bolts at each end. The bolts for the larger tie-nxU to be 
as shown ; those for the smaller ones to l>e of approved pattern 
and dimensions. The tie-rods and bolts to be finished all 
over. They will be fitted to their jilaccs after the cylinders 
and pillow-blocks have been lined up and secured in the ship. 
They are to bejir squarely ou their faces and to be a neat end- 
fit before their bolts are m't up. 

CRANK-SHAFTS. 

The crank-shufis will be made of steel, esich foiled in one 
piece. The outside dimensions of the after half of each crank- 
shaft will be as shown hi detail drawing Xo. 1,118. The 
forwartl half of each crank-shaft will Ix; a duplicate of the 
after half, thus making the sliafls reversible and interchange- 
able. The main and cnink-pin journals will have holes drilled 
axislly through them, these holes to conform to detail draw- 
ing No. 1 ,1 20, and not No. 1,118. 



Tlie crank-iiiii journals are to be accurately parallel to tlie 
shaft W'litera. All jotinials arc to be smoothly and accurately 
tunieil, and, wlien finished, will be tested and their accuracy 
j)roY«l. Tlie shafts to l)e fiuUhed all over. The bolt-holes 
in flanfie-conpliiiga to Iw equally spaced, and drilled and 
reamed to template and gauge so that all flanges will fit indis- 
eri mi I lately. 

CRAXK-KIIAFT COrXTEKBAI.AXCES. 

Bidancc-weights of cast-iron with wroughf-iron straps will 
be made and fitted to all crank-weha, as shown in detail draw- 
ings. They will be put in place on tlieir resj>ective cranks if 
requiifd. 

LIKE-SHAFT. 

The crank-shaft of the forward engines will be coupled to 
a section of linc-e^hafting al>out 17 feet 3 inches lonir, of forced 
stix'l, hollow as shown and finishwl all over. The forward 
conpling is to Ikj fitted to be iKilted to either crank-shaft. 

I.1.VK-SIIAFT PI I.IXJW-BI/X'lC. 

The liue-shaft above mentioned will rest, at al>out the mid- 
dle of its length, in a pillow-block as shown. This Ijcaring 
to Ik; made of cjist-ir<)n with white-metal lining. The hold- 
ing-down Imlls iiif to have clearance as shown, to allow for 
adjnstnienl. 

THRUST-SHAFTS. 

The thrust-shafts will l)e of forged steel, each in one piece 
about 2I> feet 51 inches long, to conform to detail drawing. 
To he finished all over, accurately fitted to adjoining shafiji, 
and to be interchangeable. 

THRl'HT-BEARI.SCS. 

The tlirust-lxsirings to be at shown; to l)e securely bolted 
to their sejitings and to l)e adjustable in the fore-and-aft direc- 
tion. The lower part of bearings to lv;\\\\w!i.V\'0^«».-«S*^"^'^w^- 



Tlie thrust-rings to be of com|>ositii)n, easily rcmovablf, aiul 
fitted for alicad-thrust nnly. A tul>c ami wick-lioldcr to lead 
Crom oil-cu|)9 to eacli thrust-collar. 

All p'jwand VQlve-<'Oiinectioiis towaternpai'esiiretolicfittCM'l 
conijtioto, the inlet-])! [>cs to conner't with engiuc-room watcr- 
porvioe ami the outlets riiniiinz lo engine- room Lilge. The 
thru't-riiigN to Uiir ccjuiilly agiiint^t all thnif't-eolInrK on sh»t). 



TIIRi;ST-«llAFT PI r. !.<)«■- n!^)CK8. 

1-^u-h thi-ust-shaft will rest in a pjllow-lilock in the forwai-d 
part of shart-tnnnel. These are ti) he the sinie as the line- 
phatt pillow-hlock aljove nientionul. 



I'ltOI'KLI.EIl-KIIAtTS. 

The i»ro| Killer-shafts are to lie of steel, forged in one |iie<'e, 
hollow, and fitted as shown. They ore to be about 50 feet 
long, finished all over, covered with eonniositiou in all bear- 
ings, accurately fitted to ]iroi»ellers and to thrust -shafts, and 
to lie intcrehaiigcablc. The (^nnwtions with thnisit-s hafts 
will each l)e by taiwreil end and so<iket with steel feather-keys, 
aoturatcly fitted, and w th serewod collar and stnds, as shown 
in detail. Forcing-liolts to be fitt<-d for starting the propcller- 
ehalbj out of thrust-shafl srK-kcts. The afler-en<l of each 
sha't is lo 1k! turned taper to fit the Iwrc of i)ro|)eller-I)oss, 
and to be fitteil with steel feather-key, backing-nut, keei»er- 
pin, and water-tight i)hig as thown. The composition cover- 
ings are to l>e swrurely shrunk on and pinnc<l in place, and to 
1k' ivater-light and adunitcly and smoothly turned. 

STBRX-TUIIK HK-UUNOS. 

Each propeller-shaft wjll rest in ihi-ce l)enrings, of lignum- 
vitie on end of grain, in the stem-tulx;. The lignunivita> of 
<'aoh bearing is to !« held in a com|io8ition sleeve, with striits 
to prevent its turning, and pnivid.d with jwissages for the 
cireulation of water. The forward sleeve will Ixf containe<I in 



a cast-iron sleeve wliich will be inserlwl from insrde the vessel, 
and will include the stuffing-box casing. It will rest at its 
outboani end in a cast-iron ring in the storn-tube. Tlic mid- 
dle and after-bearing eomiiosition sleeves will be contained in 
an internal tube of ciist-stecl, made in two parts and flush-riv- 
eted It^ether as shown. It will !« inserted from aft, and will 
lie centered in the stern-tnlic by three rings, or sleeves, of cast- 
iron. It will l)e turnwi on tlie outside where it fits these 
sleeves, and will be bored inside for the insertion of the com- 
position sleeves, Tliia tulte, after inserlion, will be secured by 
a screwed cjist-iron collar a :d by a. wrought-iron tube extend- 
ing forward to the sleeve of sliaft-brackct, to which it will be 
fiistcned by countersunk s<Tews. All the composition sleeves 
will be Hccnrcd in place in an approved manner. All lignnm- 
vitic bearings are to \>e smoothly and aceurately bored, with 
perfect alignment of shaft when in plae. All dimensions to 
l>c as shown in detail drawing. A sleeve is to l)c fixed on after- 
end of each slern-tulie to form a smooth water-line from the 
tulie to the lx«s of pro[>e]Ier. 

STEI{.S-J>IPK STUFKIKG-nO-XI-S, 

The sttifting-box of oacli storn-pipo will consist of the for- 
ward part of the cast-iron sleeve containing the forward l)ear- 
ing. A loose comjtosition ring will form the bottom of the 
l)os. The gland will lie of east-iron with ooni|>osition bnsh- 
ing, and wdl be provided with bolts and nuts as shown. 
There is to lie u drain-cock for each stnl1ing-l>ox with \»[>e 
leading to engine-room bilges. 

SCREW-PItOPELI.KRS. 

Tliescrew-pro|ieller8arc to lienimlcof manganese bronze, as 
shown. The sUirboani propeller to Iw right-banded and the 
|)ort pro|>eller left-handed. Tliey are to be 3-bladcd, 14 feet 
in diameter, and are to conform to the detail drawings. The 
blad'.-s are to be firmly and securely fitted on their bosses. 
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The ImiiJ-holes in bosses to be pravided with fliisli covers, 
dovetailed an<l pinned. The cap on after eud of each Ixiss to 
be bolted securely and water-tig lit. The blades are to be cast 
as smooth as ))Ossib]e and to have any rougtine^ removed. 
The bosses ore to be finished all over. They are to be neatly 
fitted on propeller-shafts and securely fastened, as before 
described. The joint between shaft-casing and bos^s to be 
water-tight. 

SHAFT-COUl'LINGS. 

All flange (0U,)Iings on engine-sliaft are to l>e fiirgeil on, 
turuetl 23J inches in diameter, and face<t 2J inches thick. 
Bolt-holes are to be drilled to template and gauge to make 
shafts intercliangeublc. Ail liolts to be neat-fiiting and Juter- 
changcablo. 

(■ox DEXSKRS. 

The shells of condeneors are to be made of sheet-bra^s or 
Muutz metal, with composition flange?, tube-sheets, sliffening- 
rings, and nozzles. The condenser^i to confurni to the detail 
dniwings. In e:ich condenser ii coni|>osition ca'^ting, forming 
a ]>art of the shell, will contain the following no/zles wiih 
flanges properly faced, viz : 

One for attachment of main exhanst-j»i]>e ; 

One for suction-pii>e of nir-j»imip ; 

One for jet injection-pipe; 

One for exhaust from main piimping-cngincs ; 

One for auxiliary exhanst-pi|>e ; 

Three tor mau-hol&s and hand-iio.'es ; 

One for branch fnim auxiliary stciun-pi|>c for boiliitg water 
in condenser; 

One for altachmcnt of soda-f-oek, 

Tliei-e will a'so be two Jiiced brackets for sccnring the con- 
denser to engine-room bulkhead. 

The longitudinal shell-scEims are to lK'strapi>eil, rivdeil.and 
calked. 'i"he tube-fchwts are to Iw drilled, tiip|)ed, and titled 
with glands for ])ackiiig the tulx' ends; the glands t>\ Iw. 
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beaded at outer ends to prevent lubes froiu ciawliiig. The 
tube-plates are to be swured to angles on shell by eoII:ir-bolts, 
wliioh will also be used for faatcniug the eireulating-uater 
chests. The chest for entrance and exit of condensing water 
is to be of composition, as shown, with division in middle,aiid 
with a man-hole in each com part men t. The chcfct at the other 
end is to be formed by a curved sheet-brass bonnet with com- 
position flange, man-hole ring, and man-hole plate, M'itli stays 
as shown. There are to be 3,092 solid drawn brass tubes, 
Xo. 19 IS. W, G., g inch diamctfr outside; also six brass 
stay-tubes, No. 11 B. W. G., and 1 inch diameter. Sup- 
porting and batfle-piiitcs to be fitted where shown, and secured 
in an approved manner. The condensers must be [H-rfeetly 
tight in all joints, imd be so proved after lieing secured in 
p'aoe, Eacii condenser will be pupiwrtttl from underneath 
in an approved manner, but not suspended from deck as shown 
in the general plans. ALso to be secured toenginc-room bulk- 
heads by the brackets Ixtfore mentioned. A cock, yi[K, and 
tank to be fitted to each condenser for the purpose of admit- 
ting an alkaline solution into the exhaust ]>assages. Drain- 
cocks to be provided with ))ipe8 leading to Jiilgcs. A pij>e is 
to connect the steam side of each condenser with the engine- 
room watt'r-serviet! for the pur|Kisc of filling the condenser 
when it is desired to dean the tubes by boiling. The steam 
for this purpose is to be intro<luced from the auxiliary steam 
system at the l>oHom of condenser, Man-hole plates are to 
be fitte<l with forcing-lxilts and eye-bolts. Main Iraiuiets to 
have lugs for handling by. 

MAIN EXHAVST-PIl'I'X 

Eai'h low-pressure cytinder-i'asing will l>e conncetod with 
its condenser by a shi>rt pij* of copper, with composition 
flanges, and with expansion-ring as shown. 



AiR-prMP^;. 

Eadi condenser will have one nir-piim|), lo bo made of 
pnm)M)sitinn. It is to lie of the haif-tnink tyjiG, with horizon- 
tal cylinilcr of 24 inches hrire and 15 inches stroke. The 
piston is to liavc approved metallic ))ac-kin^. ThestufRng- 
l>ox to have a spnr-rintr and pinions for setting np bolts equally. 
Vulvcfl are to be of India rubiwr with com|>06ition guards. 
The suction side of pump to be conneeted with condenser by 
a square coinjTOsiLion trunk. All joiiiU to be very carefully 
made. Each pump is to maintain a vacuum of within four 
inches of mercurj- of the weather b;irometer with the main 
en)r!nes at full i>ower under forced draught. The pumps are- 
ti> lie well sei'ured to the seatiugs provided, and will support 
on their sides the main hiljrc-pum|)s. Eai-\\ air-pump will be 
worked direet l>y a borizontJil, direct -acting, c(im|)OMnd -engine 
as described below. 

MAIS PfMI'INtJ-EXGlM-S. 

Vjavh main puin ping-engine will have a higb-|ire.iinrc cylin- 
der of 14 inches diameter and a low-pressure cylinder of 28 
inches <liainet*!r with a stroke of 15 inches. The cylinders to 
l»e of close-gniine<l cast-iron, liolted ti^ther as shown. The 
pisloDH to 1)6 of tflst-steel, with cast-iron packing- rings. The 
slide valves to l>e of east-iron with springs and ]>lutGs on 
Ixicks. I'i.-stim-nKlft and valve-stenw are to be of foi^cfl steel ; 
oonnectinjf-rods of wnmght-iron; crank-shafts of forgiil 
steel, with cr.niks of <'ast-stccl shrunk on ; eccentrics of east- 
iron; w«entrie stnips and levers, composition; nidius links, 
wrought-iron; valve-i-onnet^ting rixls, wronght-iron; eross- 
heads, cnst-steel. The pi.tton~r(Hls will extend through the 
cylinder-covers t^i work the air and bilgo-pnmps, the exten- 
sion of the high -press tire rod being cji-ied with if)ni|nnitioii. 
The crank-slmll iK-arings to l>c lined with white-metal. All 
parts are to Ik; Hnisbol similarly to wn'iTsiwmding parts of the 
milin engines, I-jk-Ii <i»gine is to take stcnni fnmi (.Iw -J,^^■^^^- 
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and 8 iuclies stroke, clotlictt and lagged. The valve-gear and 
otiicr details are to he siieli that the engine shall be able, with 
ease, to supply sufficient conilensiiig water when tlie main en- 
gines are at full power. They will be provided with fly- 
wheels of approved (ttnieusious. Each engine will take steam 
from the auxiliary Bt^'atn-pij>c and exhaust into either auxili- 
ary exhaust system nt will. 

I'lI'E rOXXECTIONS OF CIRCfl.ATIXO AND AlH-l'UMPS. 

From the main injeftion-valve in each engine-room a 14- 
inch copper pipe witli a full-way sluice-valve in it will lead 
to the circnlating-pninp. A lO-iiich bmncli from tliiit pipe, 
with Q sluice-valve in it, will kad to two non-return valves, 
one of which controls the suction from the main hilge-pipc 
and the other from the engine-room bilge. The water leav- 
ing the pump will pass into the chamber of a two-way valve, 
by means of which it can be directwi to the condenser or 
overlxmrd. A 14-inch pii>e will lead from this valve to the 
condenser. From the condenser a pipe of same size will had 
overboard through the outboard deli very- valve. 

P^ch air-pump will take suction from the condenser only, 
Bs before described. It will distrhai^, by a 1 2-inch |)i|>e, into 
tiie chamber of a spring-loaded valve leading overboard. A 
5-iuch bnmch from this pipe will leiul to the fce<^l-tank in the 
same engine-room, with a stop-valve at tank. There will be 
a branch of the auxiliary feed-pump suction system cunnccte<l 
to the hot-well of each air-pump, and another to the channel- 
way beneath the air-pump foot-valves, e-.ich witli a stop-valve. 



MATS ISJECTION-VALVfls. 

The main injection -valves are to !« of the Kingston type, 
with outside threads on stems, and each to have a 14-inch 
opening. They are to be secured to skin of ship an<l covered 
by rectangular gratings with inclined bars an shown iu detail. 
A'alves, nozzles, and gratings to be of composition. 



I.NJECTIOX SIXICE- VALVES. 

The si 11 ice- valves in main injcctioii-pijws arc to be iw per 
detail drawings. Tiie sluiee-valves in bilge-injection pipes to 
be similar to the above, but with 10-incli ciciir ojienings. 



h\U:E I XJECriO.V- VALVES. 

The bilge injection-valves, two for eacli engine-room, arc to 
lie non-return valves with screw-down stems and hand-wheels. 
To be made of com|>osition and to be of a|)|n'oved pattern, 

CIllCTLATIXG-PUSll' 1>EI.I VERY- VALVES. 

The cir(Hilating-punip deli vei-y- valves are to be double- 
faced, each with two seats. Each valve to be*i«st on its 
stem, and to have tbe screw-thread iindemeiitb the valve. The 
\-alvc3 to conform to detail drawing, except that the hand- 
wheels are to Iw of comjKisition, finished ; instead of cast-iron 
as shown. 

MAIS OUTIiOAltD ]>EI,IVEIIY-VALVES. 

The outbi)ard deli very- valves for condensing water are to 
be of eoni[>osition, of tlie non-return tyjw, all as per draw- 
ings; each with a copper key, scenre<l near valve by a small 
bra'vs chain. 

MAIN' UILOE DISLIIAWi E-VALVES, 

When nsing (he circulating-pumps for freeing tbe bilges, tlie 
water will be dischai^l overboard from each pump through 
a 10-inch non-return valve as shown in drawings. 

The outboard discharge- valves of tbe main bilge-pnm|is 
will be of the same pattern as the above, but of 6 inclics 
opening only. Ai! to be of comjiosition. 



iClIAlKJE-VALVia, 



The ontboard <Iiscliai^e-vul vc of tacli aTr-piinip is to l>e a 
non-return valve of 12 inches diameter, opening downward, 
with an adjustable st«*l spring to keop it on its seat. All, 
exce[it s[>ring, lo be of conijKisition. 



JET-IN.IE<TION, 



The jct-iojection spriiiklera arc to l)e as shown on draw- 
ings of coudenscr. 'i'lie injection water for each condenser is 
lo be taken fnnit a 4^-inch Kingston valve, boiled to the 
nozzle of the main injoct ion -valve by a 4J-inch wppcr |)i[ie, 
and to have a wtop-valvc olosc to <'ondeiisi'i'. 



FKKD-TAXKS. 

There will lie a feed-tank in cacli engine-room, on star- 
boant side close to dividing )inlkliead. Tlicy arc to I>e made 
of }-inch wrought- iron, to fit side of ship, and to 1)0 securely 
fastened in an a|)|irovcd manner, £ach to liave a 15 x 12- 
iuch man-hole and plate on inboard side. The tunks arc to 
l>e conneele<l by a 4-ineh pii>e with a valve in each engine- 
room. Each tank to have the following pii>c connc<'tion9, 
viz: Discharge from air-pump, with valve; overflow-pipe 
leading to bilge, with end in sight; snction to feed-pnm|>s, 
with valve. The tanks to l>c as shown in drawings, with 
zinc slabs proiwrly snspende<1. Each tank will have a glass 
water-gauge, and a regulating valve in the siipply-piiM',T)oth 
of approvcil design. 

fOItWAlU) HOII.KII.S. 

Each lK>iler iu the forwai-d boiler compartment is to be 11 
feet mean diameter and 1!) feet ;1 inches l<)ng, with 52 stay- 
tul)es and 310 plain tiil>es. The furnaces are to be 42J inches 
intcmal diameter anil 7 feet 6 incln's long. 



AFTKIt ROILEIta. 



I-^cb after Iwiler is to be II fret 6 iiiclies moan diameter 
aii<l 19 feet 3 inelics Icnig, with 62 etuy-tiilws and 402 plain 
tubes. Tlie furna<x» are to I « 44J indies internal diameter 
and 7 feet 6 inches long. 



lITfll.Elt .M.\TERIAr„ 



All material used in the constnietion of boilers, except the 
tubes, is to be open-hearth steel. Tlio tubes are to be nf the 
best wrought-iron. 

1H)II.KR-SHKI.I,S. 



I be made in thrce'rin-K of 



The shell of each l>oiler ^ 
^J-inch plates. 

1(01I,ER-IIEA1>S. 

The front head of each Iwileris to be made of two'platcs — 
the up[)Gr I inch, and the lower ^ inch thick; the latter 
fhingcMl inwardly at the furna(!cs, and l)oth together flanged 
inwardly at circumforent*. The ba<-k head will Iw J inch 
thick in top plate and \l in the bottom plate, wht<;h will fomt 
the Iwck tube-nlioot. llie luit-k head to Iw fiange<l inwardly 
at eircumfonint*. 

Iton.Bli TUrtE-SIIEBTS. 

Each back tulxs-slioet will Ix; as alxive MjHX'ified. fJjich front 
tul)e-sheet will form thel>a(-k of (Tundmstion cliaml)er, and will 
le in one piece, }J inch thiek. The tnl)e-Hlicets are to bo 
drillc<l for stay-tulxis and plain lulios na shown, and they will 
be tap[>ed for the stay-tulies in place. All tnl)e-holes to be 
slightly nmndi^l at edg^s. 



The plain tuljes arc to l»e lap-wehle<l, 7 feet 3J Inches long, 
t\ inches diameter outside, an<l swelle<l at back ends to Sj'g 
inches diameter. Thcv are to lie Xn, 10 B, W. (I, 
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The stay-tul)es are to lie 7 feet 4| iiiclicA long. It inches 
diameter outside, and swelled at lia<-k ends to l!} inches 
diaiii<;ter. They are to Iw y'g inch tliick. Tliu small endsaiu 
to be Bcrewc<l for 1 } inches and tlic lai^ ones lor :i Indies. 
Each tube is to have a nut j inch thick at bink cmt. The 
threads on tu)>es are to be eiit in such a manner as to at'cu- 
rately agree with tliose in tidw-sheets. The sfav-tnlies are 
to be set up to u hani l)eari]i<r in threads in front tnlii'-slioet 
and to be made tight at track ends l>y their nuts. Oilier mUs 
are to be exitanded by iipjiroved cxjKindliig t'K>1s. 

IIOILKII nitACES. 

Eiwh boiler is to have 18 stays from bend to liwid ami 8 
from front head to combust ion-clmmlicr, of dimensions shown. 
All these stiiys to have raispd thrciids on ends and to 1)C nntliMl 
inside and outside the ijialcs. The bottoms and sides ol' coni- 
bodtion-chanilK'rd ai-e to be stiiycd l)y j 2-inch screw stay-bolts, 
spaced as shown, and nutted on both ends. Tite to]iH<jf cfmi- 
bustiou-chumWrs are to In> stimil to tojis of siiclls each by -14 
braces li inches diameter. Tliisc liniccs to lie ijinned to 
T-irons rivete<l to shelU anil to cyc-liolts scruwnl into tojis of 
cnmbuution-i^bamlwrs iincj nutliHrbotli sides. .\lt braces art; 
to be made witlmiu welds. 



ItiVKTKl) .rolXTS. 

The lonfritudinal joints of b<ii!er-.lK-lls, two in cm-li rin;,', 
are to W la))|ieil Hi indies and <|nadrnpli>-rivi't[il iis shown. 
Circunil'ureutial se;ims and scams in hc-ads to be donbli- 
rivctcd, .stafjgcreij; all others to be siiiytc-rivctcd. All ■ 
rivets to lie of siccl. Uivcl-holes to lie drillHl in plaite wliciv- 
evcr jv>ssiblc; all others to !»■ imndicd i inch small and 
reamed in place, or else ilriilcd fair after bendtnfr. All >eams 
to be ctdked im liotli sidi-s. Lotiglmdinal si'am-i ai-e to break 
joints as shown. 



UAN-HOLEB AND PLAT£S. 



There are to be two maa-holes iu the shell of each boiler, 
two in each front beail and one in each back head, as shown. 
AH holes to be e^ffened by f-incli plates riveted ou. Man- 
hole plates and fittings are to be of approved pattern and truly 
fitted. They will all be provided with conveniences for 



FURSACE8. 

£lach furnace is to I'le made of two ^-inch plates. Each 
ring is to he welded longitudinally; the two rings to be 
join€<l by a flange-joint with an Adamson ring. Furnaces are 
to be sccurttl to front lieads and to combustion -chambers by 
single-riveting with joints, as shown. The furnaces are to be 
perfectly circular in cross-section at all points. 

FURNACE FROXTS. 

Furnace fronts are to conform to such drawings as may be 
furnished. Failing this, they will be made wiih channel- 
iron frames, each covered with a ^-inch wrought-iron pliteon 
inside and a |-incli wrought-iron plate on outside, stayed where 
necessary and [lerforatecT for air entry where directed. The 
dead p!ut«s to be of cast-iron. Fronts to be titled to furnaces 
so as to be easily removable. 

FUli.VACE-DOOIiS. 

Furnace-doors are to conform to drawings, if furnished. 
Othenvise to be as follows: To be made of j-inch wrought- 
iron plates, flanged one incli deep at edges to fit furnace fronts. 
To be provided each with a pertbr>-ted inner jilate secured by 
rivets and thimbhs. To have wrought-iron binges and 'atcht«. 
To have air-r^ulators in outside plate. t>n each side of each 
furnace-door in furnace front there will be a slrce-lmr o[)en- 
ing with htuged cover on outside. 
4086 fi 
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ASII-l'IT DlKIIW 



Ash-pit doors of wrought-iroii of approvwi [xittcrn are to 
be fitted siiugly to all ash-pits. They am to be provided with 
proper fasteoings and with wrougUt-inm handles, catches, and 
booKs for handling, and for suspending them on bulkheads 



HRI mi K- WALLS. 

Bridge-wall»an;t<)be raadeof «iat-iron, well ribbed. Tliey 
will be finished with fire-brick, anil nre to be so fastened to 
furnoees as to be easily removable. Ea<'h will have, bctuw 
the gnitc-bars, & dour its large as eonvenient, .so fitted tu tu be 
easily ojKirwl fr in fire-room. 

t;rtATE-RARS AXD HEARERS. 

The iKsirer-bard are to l)e of wist-iron ; throe for each fur- 
nace. Each will rest in two lugH riveted to furnave-plates. 
The grate-liars are to be of wrought-iron and to conform to 
detail drawinns. Pro|>er tools forshaking the grate-bars, one 
for each boiler, are to be [irovidcd. 

tXlMllUSTION-CIIAMUERS. 

The eonibustiou-clianibers arc to l»e made of ^J-ineli plates 
at top, aides, and bottom. Front plates to he } ^-inch, rivete<l 
b) furnaces nnd side-platt^ as shown. Tul>e-plntes to Ive as 
before s[>ccilied. 



JlAXaiXG-BllinilES. 

There will lie in each c-omhnst ion-chamber a Iiunginsr- 
bridgc as shown in outline in drawinfpi. They are to Ik; snb- 
stantially construirted, and will \k of sucli niiiterial and pattern 
as may be approved. 



Tlie uptakes are to be double, with -j^g-inch inner plates 
atid J-iiich outer plates. They are to be built on IJ x IJ x 
■^ inch angles, and the sides are to be secured to each other 
aad to the boilers byljxlfxj iniih augie-irons. The 
inner and outer plates are to be held together by J-incb bolts, 
and stayetl by thimbles. Where the uptakes are exposed to 
flame there will be an inner plate of ^-inch wrought-irou, 
held off about 1^ inchee from the inner plate of double 
shell by thimbles and rivets. The 8]tace between the inner 
and outer plates flrst mentioned is to be filled with silicate 
cotton. The n]itukes of forward and after boilers are to be 
separate up to a siiort distance above the main deck, where 
they will he united. Above the smoke-pipe hatch, an oval 
jacket, with a 6-inch annular space, will surround the smoke- 
pi()e for 2 feet 3 inches, and be covered by a hood with suffi- 
cient opening for the cscii|>e of hot air. There will Ix: plates 
in uptakes, as shown, to protect the ends of boiler-braces. 



U1T.\KE DOORS, 

The uptake dours arc to be constructcti the same as walls 
of uptakes where in contact with flame. They will be in 
four parts for each boiler, double-hinged as shown. They 
will be provided with wrought-iron hinges and latches of 
approved pattern. 



There is to be a damper in uptakes for each boiler. These 
are to be so fitted as to be easily worked from their respective 
fire-rooms. They will conform to detail drawings, if furnished. 
Otherwise they will be made of such pattern as may be sub- 
mitted by the contractor and approved. 



6M0KE-PIPE. 

Tliere is to be one 8moke-pii>e, flat-side<1, with rounded 
ends, 60 feet in total height above the upper gratc-bnrs. It 
18 to be made of -A-inch wrought-iroii, with all joints butted 
and strapped, and is to be fitttd with internal stifiening stays 
as reouirM. Tlie pipe is t*> be provided with eyes, stays, and 
shackles of approveil dimensions and pattern, and is to be 
so supported as to relieve the uptake of its weight. It is to 
be finished at top by a ring of flat and half-round iron, as 
shown. 

A permanent ladder reaching to tlie top of the pipe ou the 
outside is to be fitted as dircctwJ. From tlie top of uptakes 
to a short distance above tlie upper de;k the sliell of tlie pipe 
will be double and tilled with silicate cotton the same as 
uptake casings. Four singlc-slieaved blocks to lie fitted on 
top rim of pijie for slinging paintei's. 

1!0I I. ER-S ADDLES. 

Each main boiler will rest in three saddles, which are to be 
built in and form part of the hull. The boilers are to be 
fastened to these by double angle-irons riveted to shells and 
saddles. 

ROILEIt ATTACHSIENTS. 

Each main boiler will be provided with the following at- 
tachments, viz: 

One steam sto|>-valve; 

Two dry-pipes; 

One main feed check-valve with internal pipe; 

One auxiliary feed check-valve with internal pipe ; 

One surface blow-valve with internal pipe ; 

One bottom blow-valve ; 

One pumping-out valve ; 

Two safety-valves ; 

Two steam-gauges ; 

Two glass water-gauges; 
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Four gauge-cocks ; 

One sentinel- valve; 

One salinometer-pot ; 

Two drain -cocks ; 

One air-cock ; 

Two hydrokinetcra or equivalent; 

One cock with thread for the altachmoat of a syringe ; 

Circulating tubes. 

All external fittings »re to be of composition, and all details 
of which dntwings ai'e not furnished are to be of approved 
designs. No fittings are to be screwed into boiler-plates, 
but will be tianged and through- bolted, or secured in other 
approved manner. All cocks and valves will have spigots 
passing through boiler-plates. All screw valve-stems are to 
have outside tlireads, 

CHECK-VALVES. 

Main and auxiliary check-valves are to be 2^ inches diam- 
eter, and each to have tbe diachai^ uozzle entirely above the 
valve when fully open. Valves are to have wing-guides, and 
suitable springs on top. They will have internal feed-pi[)es 
attached as shown. 

Bt/TTOM Br.OW-VAI.VBR. 

Tlie bottom blow-valves are to be 2 inches diameter. They 
will be placed as shown on drawing No. 1,977, and not as 
shown on No. 1,746. Tbeir hand-wheels must not project 
beyond the walls of the firing-troughs of central furnaces. 



SURFACE BLOW-VALVE8. 



The surface blow-valves are to be 2 inches diameter, and 
each will have an internal pipe terminating in a dish as 
shown, which is to be about one inch above the highest heat- 
ing surface 



PUMPI-\G-OUT VALVES. 

The pumping-out valves are to be similar to Imttom 
blow-valves Ijcfore s|)ecifie<l, 

nOILEIt STOP-VAI.VE8. 

The Iwiler slo[>-vaIvcs are to be self-acting, with stems 
placo<l horizontally, aiul to be fitted with gear as shown for 
working from the fire-rooms. Valves to be 9 inches diameter. 



DKY-PirEK. 

Kac\i boiler is to have two brass dry-pipcs of 7 iuclies 
internal diameter. They will be ma<Ie wilh transveise slits 
for admission of steam, and arc to Ite closed at their inner 
ends. They will l)e l>olted to a double no/zlt! as ehown, 
which in turn is to be Iwllwl to front head of boiler by the 
same imlts that hold the Ntop-vatvc. The pipes to be sup- 
ported in an approval manner. 



KAFiHY-VALVEH. 

Each boiler is to have two 4g-iiieh Mfiily-valves on one 
nozzle. Tliey arc to be as shown in detail drawings. Each 
valve to be fitted with gear, as shown, tor working from fire- 
room or Irom main deck at will. The valves are to \k set at 
a pressure of fl5 ])ounds per square inch. Each valve is to 
be furnished with washers for the reduction of pressure to 65 
[wunds i>er square inch by decrements of 10 pounds each, 
each washer being marked with the number of its valve and 
with the preasure for which intended. Each valve is to have 
a suitable lock. Ail locks are to be alike and but one key to 
be furnished, suitably marked. Each safety-valve is to have 
a drain-pipe attachcti at lc!L=t J inch below the seat, and lead- 
ing to bilge. 



8ESTINEL-VALV E8. 



£ach boiler is to have upon its front a seatinel -valve of |- 
square inch area. Each valve to be fitted with a sliding 
weight and notchtxl lever graduated to 150 pounds pressure, 
and not with spring as shown in drawings. 

WATER-GAUGES. 

Each main boiler is to have two gloss water-gauges attached 
as shown. The pipes leading to tops and bottoms of boilers 
are to lie 1^ inches internal diameter, with valves of same 
size. The top, bottom, and blow-out cocks of each gauge are 
to have at least J-inch openings, and are to be clogcd-bottom 
gland-cocks of approved pattern, and not as shown in detail 
drawings. Cock-nandles to be at least 6 inches long, and to 
hang downward in working [xisition. The lowest exposed 
part of glasses to be about 1 inch below the highest heating 
aurfa<>e. Blow-out cocks to have drain-pipes with union- 
joints. The gauge-gia'ises to be well protected. 

QAUOE-COrKS. 

There will be four gauge-cocks on each boiler, spaced about 
4 inches verti(ully, the lowest cwrk being about 4 inches below 
the highest heating surface. These co<'kH to be of approved 
pattern and to have drip-pans and drain-pi |)es. 

STKA Sr-OAUOES. 

Th«ro will be two I^ane's improved spring steam-gauges 
of 8J inches face for each lioiler, placed where directed ; one 
grtuluated to 100 llts. and the other to 2llO lbs. Each is to 
have a three-way cock and a coupling for application of te8l> 
gauge. Each gauge to have a separate attachment to boiler. 

SA LI .vox ETER-l'OTS. 

Each l>oiler will have a sail no meter- pot of approved yat' 
tern, with projjer connections, fitted where directed. 



BOILER DRAIN-COCKS. 



Each main boiler will have at each end a 1 J-inch asbcstus- 
packed drain-cock of approved [Hittern. 



BOILER AIR-OOCKS. 

Each inain boiler will have a l-iach air-coi-k at Ita higlio^t 
part, wilh a |-iuch copper pijie leading to bilge. 

UYDBOKINBTERS. 

There will be attached to each maio boiler two Weir's 
hydrokineters or other approved device for circulating the 
water in boiler while raislug steam. Each of these to be fit- 
ted where directed, and to have a stop-valve close to boiler. 
They will take steam from the auxiliary steam-pipe — the 
steam to tlie pair on each boiler being controlled by a valve 
in the fire- room. 

CIRCUL.VTI.Na TUBta. 

Circulating tubes arc to be fitted in all maiu boilers. They 
will conform (o drawings if furnished, otherwii^c, as may be 
directed. 

ZINC BOI LEU-PROTECTORS, 

Each main boiler will have fourteen rolled zinc blocks 14 
x 6 X 1 inches in each boiler,secured as shown in detail draw- 
ings. 

BOILER CLOTHISO. 

After the boilers are tested and painted they will be clothed 
with an approved non-conducting material and coverc<l with 
approved wire netting. 

MAIN FEED-PL'Ml'S. 

There will l>e a main feed-pump in cuh fire-room, secured 
lo tiie sealings provided on the starboard side. They will have 
each two steam and two pnm|i-r)-lindcrs, 11 and 6 inches Iwire 



respeelively, aiid 10 inches stroke. They will conform to 
detail drawings Nos. IS41 and 1852; alterations and additions 
to crank-ehafts and bearings, and alterations in valves, being 
made as per drawing No. 1H53. 

Each pump will be connected as follows: 

To take steam by a s|>ecial pipe from the main steam-pipe in 
same fire-room ; 

To exhaust into condenser exhaust-system only; 

To take suction from feed-tanks and hot^weJls only; 

To deliver into the main feed-system. 

Each pump will have on itt delivery side an a|>proved spring 
pressure-gauge graduated to 180 pounds, and will also have tt 
spring loaded safety-valve of approved dimensions and design, 
connecting the delivery with the suction side. 

AUXILIARY FEED-PUMPS. 

There will be un the port side of each fire-room an auxil- 
iary pump, which will be, in construction and fittings, a dupli- 
cate of the main feed-pump, but will differ from it in being 
connected as follows: 

Steam from auxiliary .stoani-pipc; 

Exhaust into both auxiliary exhaust-systems; 

Suction from sea, hot-wells, fecd-tauks, and liilgc; 

Deliver to auxiliary fcwl-systom and overboard. 

There will be a cock at each pump so arrangc<l that the sea 
suction can never l)e o|)cn to the others. The changes of suc- 
tion from sea, hot -wells, or bilge-drain will be made by means 
of a triple viilve-box similar to the hilge-suctiou valve-boxes. 

AIR-TKiHT FIRE-ROOMS. 

Supplemental bulkheads of light gnlvanizt-d iron will be 
fitted, where shown in drawings, for tlie purjiose of reducing 
the space to l>c put under air pressure. All |>crm!ment and 
temporary joints are to be made [)ertectly air-tight. 0|)euiugs 
and passage-ways are to be provi<led where reqiiirej, with 
suitable means of closing them. 
i08C 7 



There will I)d two blowers of 5 feet diurneter in eaeh fire- 
room. Ttiey will take air from liranclies of llio fire-room 
ventilators as shown and will deliver directly into fire-room. 
They will Ims made aeeording to detiiil drawings furnished. 
Suitable means will l>e provided for getting at the back bear- 
ing of each blower -shaft, as well at means for lubricating the 
»anie from fire-room. 

JSU>ViiSi.i-KSOISKH. 

Each blower will be driven by an engine with a 9 x 6-infh 
(ylindcr, coustructed and supiwrted as sln»wn in drawings. 
They will take steam from the auxiliary steam-|>ij)U and ex- 
haust into either auxiliary e^ihaiist-system at will. In addi- 
tion to the steam stop-vatvcs at the enjjincs, there will be in 
each fire-room a. throttle- valve eoiitrolliug both engines, so 
arranged as to 1k' easily worked from fire-room floor, 

Ain-rREKSURE (:au<;k.s. 

An approvM gauge will be fitted in each fire-room t^ishow 
the oxcfcfs of air pressure ovi-r the pressure of the open atmos- 
phere. A i>ort)iblc gauge wilt also be supplied to each fire- 
room, which can be eonuectJxl with the furnaces, uptakes, or 
where desired to nieiLHure the air pressure as compared with 
the preswnre in the fire-rooms. 

All the.* giiuges are to indicate pressure in"i[ieherf of 
water." 

AUXIMAKY IWUI.KR. 

There will Ik on the protective deck, in the cumpirtmcnt 
provided for it, a cylindriad horizoiitil rehirn fire-tuba boiler 
for auxiliary purgtoscs. It will be in:tde of the Siime materials 
and similar jurts will be finished in similar manner iis in the 
main IkmIcfs, cxci-pt that the longitnilinul joints will be trelde- 
rivetcsl. The <letail dr.iwin;;s will bo followed in the con- 
struction. Part'* iDt given in d:t:iil, iirrluliii,; funvic- t'i:«tt.t.^ 
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furnace dour, ash-pit door, and man-hole plates and fastenings, 
will be tlie same as for nmin Iwilers, or of other approved 
design. 

AUXILIARY UlTAKB AND SMOKE-PIPE. 

The shell of the auxiliary boiler uptake will be constructed 
similarly to that of main uptakes. The uptake will run 
from the boilor to ihe main amoke-pipc, where it will connect 
witli a pipe of 2 feet inside diameter reaching to the top of 
main ])i]>e. 

AUXILIARY HOILEIt ATrACIIMBSTS. 

The auxiliary boiler will have the following attachments: 

One 6J-inch self-acting stop-valve ; 

One 6 j-inch dry-pijw ; 

One 2-incli check-valve witli internal pipe; 

One 1^-inch surface blow-valve with internal pipe and 
dish ; 

One 2-iiich bottom blow-valve with internal pipe ; 

Two 3-inch safety-valves with lifting gear; 

Two steam-gauges; 

One glass water-gauge; 

Four gauge-cocks; 

One sentinel- valve ; 

One Ealiiionicter-[>ot ; 

One drain-cock; 

One air-cock. 

Ail these to be similar to those for main boilers. 

AUXILIARY UIlXtB AND FIRB-PUMP. 

Tiioro will be in the for^vard engine-room, on the port side 
aft, an auxiliary two-cylinder engine with two double-acting 
pumps. The steam-cyliudors to be 6 x 7 inches and the pump- 
cylinders 4} X 7 inches, as per detail drawings of same. The 
pump will be provided with a suitable spring safety-valve 
and will have suctions from the following, viz: 

From the sea through a valve on side of raaiit inj,ecti<iQ. 
valve ; 
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From tlic iMiilcrs by the |uiiii|>iug-out pii^s; 

From the double-liottom valve-l>oxc3 ; 

From tlie 6-iiich bilge-drain ; 

From the main bilge-ilrain ; 

From the forward engine-room bilge; 

From the afVer engine-room bilge. 

The scn-siictioii is to Iw seijarated fram all otliers, Ihe Jjatne 
as in auxiliary fec<l-|mm])s. This pump will deliver water 
overboani, t« fii-e-maiii, to Iroilcrs, or to forward engine-room 
water-service at will, 

AUXILIARY FlRE-l'L-Ml'. 

'riiore will l>e in the after engine-room, on the port side 
forward, a duplicate of the auxiliary bilge and fire-pump 
almve spefriliwl. The position <}f this pump is shown on de- 
tail drawing Xo. 1974. It will take suction from the sea 
only, through a valve on side of main injection- valve cham- 
ber, or as otherwise directed. It will deliver only into fire- 
main and after cngine-n»r>ra water-service, 

HAND-rUMI'S. 

There will be a hand-pnnip, with plunger 4| inches diam- 
eter, in each engine-room, as \ter drawings. I-^eh will take 
water from Imilei-s, (i-incli drain-pipe, or sea, at will ; and will 
deliver into fire-main, main fecd-pi|KS, and ovcrljoard, the 
latter delivery l)eing by an independent pipe and outlwanl 
valve. Each pump is to have an additional |>Iunger of 3 
indies diameter, with stuffing-box complete, for testing boilers. 
These ptnn|» are to lie fitted in an approved manner to bo 
worked by the main engines when re(|uiretl. 

TrnXIXG-ENVilXE AND <tEAR. 

There is to l>e fittwl, where shown, an engine with 6x6- 
inch cylinder, turning, by means of shafting and bevel-gear- 
ing, the wonn^earing for turning both main engines. Eaclv 
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worm-Rorew is to l>e fitted as sliown, so as to be connected to 
mesh into the worm-vlieel of the maiu engine when desired. 
The worm-wheel of tlie forward engine is to be fitted on the 
diinge-conpling at after-end of crank-shaft as shown ; but that 
of the after engine is to be olianged so as to be bolted to the 
daage-couphng already specified to l)e placed on forward end 
of crank-shaft. The end of the first worra-shaft in eacli 
engine-room is to be squared, and fitted with a ratchet-wrunch 
of approved design for turning by liand. 

A8H-HOIST8. 

Each fire-room ventilator ia to be arrnngcd to be used for 
hoisting asiics; suitable doors lieing provided, a^ partly shown 
on drawings, ibr keeping the fire-rooms air-tight while using 
the ash-hoists. Tlieso doors are to have a])|iroved gear for 
woi-king from fire-room. There will Iwsecurecl to the athn-art- 
ship bulkhead of each firo-room a two-cylinder ash-hoisting 
engine of the type shown in drawings. Kach will befitted 
with ft reversing-gear workeil from the door iu upper j>art of 
either ventilator as shown, an<l will also have a sjifety-gear, 
with adjustable stops,, to prevent over-winding. Each cngine- 
sliaft will have two drums, one for each ventilator. Each 
hoist will be fitted with sheave, whip, and appliances for hand- 
ling ash-bnckets complete. Kach engine is to be able to hoist 
150 [wunds with 20 pounds steam-pressure. 

ABH-DUMPS. 

From each fire-room ventilator, on the npper deck, a jierina- 
nent overhead-rail, suitably snp|iorted, will lead to the ash- 
chute at the ship's side. Each of these will be i)rovided with 
a traveler of approved design with all necessary ap|)liances 
for carrying the asli-bnckets. At tlie top of each ash-chute 
a dumping-liop))er of approvetl design will be fitted, so ar- 
ranged as to fold up out of the way when not in use. The 
ash-buckets are to be made with bails pivoted at about tlie 
middle of their height, and with proptir catches. All the gear 
to be such that the buckets will not have to be lifted by hand. 
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STKAM-H1KIH..VSH. 

Tliere is to Iw, in tlic conipartiiiciit pniviflt'd fur tlio pur- 
pose, hikI stroiiff ly securett, a stt'am-wiiulljL'rS, of appmvo*! jwit- 
tero, for handling tim anc'tioi-». It will liavc four wildiiits for 
anclior-c'lmin, each to be fitted for 2-incli chain, or ns may be 
directed. The steam (ylinderi:- must Ix; of siifTiL-iciit size, 
t(^ther with the other inochuiiiHin, to raise l)oth bowor anchore 
at once at a rale of (3 fathoms i>cr miEititc with steam of ^30 
pfiiiiidfl prefsure. The engines must W: double and liave 
reversing-gear. There wilt be a drum on Intth port and star- 
board ends of windliLSM, onttiide the windlass coin[Kirttiicnt, ou 
u]>{>cr deck for handling roped. There will also be a hand- 
gear, o[terated fnmi the main dock, for working the windlass. 
Steam and exhaust conni'etions will be made and all fittings 
and spare yiarls supplied complete. The conlraelors for the 
hull will make nil holes in decks and bnlkliciuls for fitting 
the windl.vsand will stow the lilt iiigs. 

s'lKAM-wrxfir. 

There will be, on the uj)per di-<-k, as shown in tlie plans 
furnisbr-d to the <'oiitraetors fiir tiie hull, a reversible stwim- 
which of approveil design, for hoisting boats and similar 
work. It is to have double rojw-drums on lx>th p<irt and 
Btarlwianl sides, extending clt-ar of the line of dcek-honscs. 
Steam and exiiaust coimcitifjiis to i;e madeitmiplete. 



One or more distilkrs, of api roved design, will bo filletl 
in the auxiliary boiler-room. Tliey will have a total <i»|meity 
of 5,000 gallons of ]>otable water ]k-t 24 hours, and will l)e 
fitted with an efticient Hlter and with pi|K!S for conveying the 
fresh water to tiie various tanks. The distillers will take 
steam from the auxiliary Imiler by an indeiK'udent pipe and 
valve, iittaclie<l to the auxiliary boiler sto|»-valve chamiwr 
under the valve. There will uIj-o Ijc a branch connected with 



47 

theauziliary stfam-piiJe. There will be a pump, of approved 
design and snfficient ca{>acity, for circulating water through 
the dLstillers. It will taite water" through an independent sea- 
valve, placed where directed. The water after leaving the 
distillers will lead forward hy a proper pipe and !« connected 
for flushing the crew's watcr-closefs. Branches from this will 
lead to the officere' water-closeta. A bye-pass pijM will be 
fitted, so tliat water may pass to the water-closets when the 
distillers are shut off. 

ACXII.IARV BOILER FEED-I'UMP. 

There will be a pump of apjiroved design and of a oajwieity 

equal to a No. 2^ Blake pump for feeding the anxiliary boiler. 

It will have suctions from the sea and from feed-tanks, and 

will be used for fee<ling the l)i»iler only. 

MAIN STEAM-PIPRS. 

The main sleani-])tpcs are to lend as shown — one from for- 
ward boilers to forward engines, and one from after twilers to 
after engines, with a connecting-pipe in the hydraulic engine- 
room. Cuch branch forwarti of the connecting-pipe will have 
a stop-valve, to be worke<l from the after fire-room an<l from 
the main deck, and each branch abaft it a stop-valve in the 
hydraulic engina-room, to be worketl from either main engine- 
room at will. Branches will Icat! to main feed-pumps, start- 
ing-valvcfi, and rcvorsing-cngincs. 

At:xir.rAT!Y steam-pipe-s. 

The princi|>a1 auxiliary steam-pipe will extend throughout 
the lengtli of fire and engine-rooms and lead to the auxiliary 
Iniiler. There will be a self-acting atop-valve in the pipe, 
over the forwanl main lioilerf, for isolating the auxiliary 
Ijoiler; this valve to be cajmblo of l>eing worked from the 
auxiliary l>oiler-rooni. There will Ih!, in the hydrauliccngine- 
room, a branch tnnncctin^ the main and auxiliary steam-pipes, 
with a stop-valve, shown in detail, worked from below. 
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Branches will lead to tlio auxiliary feed-piitu]>s, the iiinin 
pum ping-engines, the circiiiating-englnes, the auxiliary bilge 
and fire-pump, t)ie fire-pump, the D]o^ve^s, the ash-huisting 
engines, the auxiliary Itoiler feed-pump, the windlass, the 
winch, the whistle, tlie siren, the turning-engines, the radi- 
ators, the bottoms of rondensers, and the reversing-engiucs. 
Branches will also be lixl to the engineer's worlt-sliop, dynamo- 
engines, ventilating engines, to the hydraulic engine-room, and 
to the forward torjKwIo-room, hut tlie eimnectiona will be made 
by those who furnish the machinery in these places Sto])- 
valvea are to be furnished where shown or where neci. sarj 
There will Ik; a steam-gauge in brass t"ise with jliont h m h 
dial, altachiMi to the auxiliary stinm pi|>e whf re directed in 
each cngint>-room ; also one in c-ich hn. roi m nid < c it 



liI.EEDKll-PlI'ES. 

A branch from ench main steam-pipe will lead to llie wr- 
responding condenser, with valve as before s]>ccilicd. 

RECEIVER I.fVE-HTBAM PIPE. 

A branch fmni each main sluam-pipe will leid to the cor- 
responding receiver, with viilve ai before speeiti.-ii. 

AI'XILIARY EXIIAtrST-l'Il'ES. 

The auxiliary cxhaiist-piiMvs will Ih! in two separ.ate sys- 
tems, one disiOiarging into the condensiirs or tlic receiver.* at 
will, the other diseliurging into the esRi))c-pi|ie. 

All auxiliary machinery will connci^t with cither cxlian-t 
sypteni at will, except where Dtherwise r!(>ccitied. The winil- 
las'i, winch, and the inimjw in the anxiliaiT boiler-ivjom will 
exhaust into the esca|M;-pi|)e hy independent pipes. 

The workshop, dyiiiinuj, ventJIatin;:, hydnuilif, and toqudo- 
enginc cxhau-'ts will Ijc lc<!, but not eoiiiKH-tetl. 
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MAiy FEED-PIPES. 

Tlie main feed-pipes will lend fponi each main leed-puinp 
to each main check-valve in the same fire-room. A pi|>c will 
connect the two main feed-pipes, with a valve in each fire- 
room. All these pipes to nm overhead and in plain view in 
each fire-room. An air vessel will be placed in each pipe 
close to feed-pump; also a copper air-vessel of good cnpiicity, 
with a glass gauge, a stniiner at the bottom, and a cock at the 
top to draw off the air from the feed-water. This is to be of 
approved design, or to conform to drawings if furnished. 
The eugiuc-room fire and bilge-pump and the hand-pumps 
will deliver into a pi|>e connecting with the main fc'cd-piiies 
in after fire-room, 

Al-XII-HRV FBKP-PIPf3. 

A system of pi]»es will connect the auxiliary fiiid-pumjts 
wiih the auxiliary chcck-vnlves. These are to be in all 
resi»ects similar to the main feed-pipe, omitting the air-remov- 
ing vessel and the engine-room connections. 

ROTTOII UIX>W-PIP1-S. 

All the bottom blow-valvci in each firc-rooni will dischai^ 
through one pii>e having an independent outboard valve. 
Both T)lo\v3 of the auxiliary boiler will ciinnc<^t with the bot- 
tom blow in the forward fire-room. 

SURFACE BLOW-PIPE-S. 

Each fire-room will have its independent snrfacc blow-piiM?8 
and outboard valves i^iniiJar to the Imttoni blows. 



JJOSE-OOSS ECTIOH8. 

The auxiliary bilge and fire-pump, the fir<^punip, and Iwth 
hand-pum[>s will discrhurge into a fire-main fitted by the con- 
tractors for the hull. Standard hose-connections, each with 
4C:C 3 
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tap and straiglitway-valvo, are to be filled to tlie dlschii^es 
of iheHe pump!) in engine-rooms, aUo to the disehar^s of the 
anxiliary feod--pum[>s in fire-rooms. There is to be attached 
to eaL-h of tlio^ contiectioiuj a hii% of sufficient length to 
reach to nil p:irts of the compartment in which it w situited, 
fitted complete with bra'is coupling, straps, buckles, and 
nozzles. 

WATEIl SERVICE. 

There will be in each engine-room a 3-inch piiw with in- 
dui>emleiit sea otmnection and with branches leading to ihc 
dinorcnt parts of the engines, as follows: Two lo each cnink- 
ti\\aft, craiik-piii, and cmss-head bearing of main engines, and 
one to each cc<«ntric; each to be fitted with a detachable 
spray. One to each line-shaft and thrust-shaft pillow-block, 
two to each main pumping-cngine.and one to each circulating- 
engine; to be titled with snmll ho.sc;-<v>nncctions and short 
Icngthfi of hose. One to I)C conncutod for circulating water 
through each thrusts bearing. Three branches lo each central 
bearing of cnuik-shaftsand two to each end Waring; these to 
l)e screwed into the holes in the pillow-blocks provided for 
the pur|»ose. Each branch is to have its own valve. The 
water-servic-e |»ii>c in each engine-room is t*> be connected with 
the auxiliary pump in tliat engine-room, and the two pi|>e sys- 
tems arc to Ix! connected with each other. All fittings are to be 
of brass and to follow the detail drawings where shown. 

SEA-WATEIt sucriON-rii'Es, 

From a s«;i-valve in the fiirward engine-ro^m a pii>e will 
Iciid to the suction sldi.-s of both auxiliary feed-pumps. Other 
inim|>s will take sca-wati-r as before specified. 

FEKK-TANK SU< THJ.V-l'IPES, 

From ihe feed-tanks a jiiiK-wiJI Iwid forw.ird, with branches 
to the suction sides of all fccd-juimp, wiili valves as rc(\uired. 



HOT-WBI.L SUCTION-PII'Ea. 

Fmm a valve «u each hot-weil a pipe will k'at! to a pipe 
IcflUing Jbr^vanl, with sin^tion-brancho to all fcetl-piiiiipa in 
fire-roomsi, A branch near each hot-well will Icafl to a valve 
on the channel of" the iiir-piiniit below the f(K)t-valvcs. 

SUCTIONS FROM 12-inc;h kilgb-draix. 

The auxiliary bilge and Hrc-pump and lx)th oirculating- 
pnmp^ will have siietii>n-pti)es l(^ing to the 12-incli drain- 
pipe (lirecf. 

SUCTIOSS FROM 6-IKCII BII/iE-DltAIN. 

Each Iiantl-pamp, and the iitixillary bilge and fire-ptiinp, 
will have a direct suction from the 6-inch drain-piiic. 

SUCTIONS PROM HHAJE VAI.VE-KOXBS. 

Each main bilge-pump will have a suctton-pi)>e fnini the 
bilge valve-boxes in the ssime engine-room, and the auxiliary 
bilge and fire-pump from the valve-boses in both engiue- 
rooms. 

SUCTIOXS PROM DOUHr.K-BOTTO-M VAI.VE-IJOXES. 

Tlie forward main bilge-pump and the auxiliary bilge and 
firc-pnmp will have suction-pipes from the dcmble-bottom 
valve-l)oxcs. A branch will lead from tlietiC pijiea to a sea- 
valve, used for tliiN pur[Hee only, for filling the double l)ottom. 

D1REI.T llIl,(JE-Sl'(7riOSS. 

Ih a<Idilion to the bilge iiijwtions before si>ecified, there 
will be direct bilgc-sudi >nn in eui'li tirc-nxmi to the auxiliary 
feed-pump, and !u im-h engine-room to the main bilgc-]mmp, 
and from Inith eiigiiie-rJorne to the auxiliary bilge and fire- 
pump. Eiicli of these su.;tion-pi|>es will take from the lowest 
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part of the bilge or from a cistcru witliotit a strainer, and will 
be provido-l, above the floors, with a Macomb bilge-strainer. 
Each pipe will also have a screw check-valve in an accessible 
position. 

BOILKR PUMl>INC!-(>UT PIPES. 

A system of pipes will lead from the pumpiiig-out valves 
on the main boilers to both hand-punijis and to tlic anxiliary 
bilge and fire-pump. 

ESCAPE-PIPES. 

There will be an escape-pipe alxift the smokc-pi{>e leading 
to the top of the latter. It will have branches luiding to all 
safety-valves and to the auxiliary exhaust &ystem before sjieci- 
fied, and will be fitted with a muffler. 

SEPARATORS. 

There will be in each main stcam-pijie in its own engine- 
room, and in the auxiliary Bteam-pipe in the hydraulic engine- 
room, a separator, of composition, n.^. shown in detail drawings, 
properly Bupportc<l. Each will be fitted with a glass gauge of 
approved |)attcrn ; also witli an ajtprovwl steam-trap with 
drains leading to the sen or to feed-tanks at will. 

PIPE-CL<JTHIN(). 

All steani-|»iixs, exhaust-pipes where (liret'totl, the si'piirators, 
and all steam-valves are to be clothed in an approved manner 
with a satisfactory non-conducling material, covered with can- 
vas in double thickness, well painted. The covering to be 
secured to bulkheads where pipes pass through them. Thc-se 
pipes are also to be covered with hlaek-n'ninut lagging, with 
brass l>an<ls, where dircete<l. 

PIPES TllHOUlill Iti;LKHE.\])S. 

Where plj>cs passthrou;rh bulkheads they will have flanges 
bolted to bulkheads, be providc<I with stufting-lM)xes, or Itc 
made tight in other approved manner. 



MATERIAL ASD FITTISG OF PIPES. 

All pipes, except the lower parls of bilge-suction pijKs, unless 
otlicrwiHe specified, are to be of cop|»er. All feed ami blow- 
pipes and all bilge-pipea, except tlie lower parts, are to be of 
seamlesa-drawn copper. All copper pii>es not seamtes.s-drawn 
are to be brazed. All copier pi{)es are to have cotniKisition 
flanges riveted on, calked, and brazed. All flanges are to be 
faced and grooved, and joints are to be made with rod lead, 
without sheet-lead or canvas. All flanges l)clow the floor- 
plates are to be connected by Tobin's metal bolts and nuts. 
All copper pipes in bilges are to l)e well [tainted and covered 
with waterproof canvas, and must not rest in contact with any 
of the iron or steel-work of the vessel. All bends in coj>jxt 
pipes are to be made one gauge thicker than straight parts. 
All copperjipe X-P'ecea and flttings arc to be made of com- 
position. Ex |>ansi on -Joints, of patterns shown, are to l>e Rtted 
where shown in drawings; also elsewhere, as may be needed. 
The lower i>arts of bilge-suction pi|ios are to l>o of galvaiiizc-d 
iron. 

SIZES AXD THICKXFJW OF PIPES. 

The sizes ami thickness of ])ii>e.s are to con form tu those 
given in the list of pipes accompanying the drawings. Such 
pipes as are not there given will be of a|)prov(d size and 
thickness. 

DRAIX-PIPFJi AND THAI'S. 

All places where condcnscil steam cm accnmulate will be 
provided with drain-pipes and cot-fcs or valves of nni|)le size, 
and with approved automatic trails which will discharge into 
feed-tanks and bilge, or as <lirecte<l. The discharges from the 
drain-traps of the low-pressure cylinders and valve-chests and 
from the r^-ceiver will lead into Ihc condenser and the bilge. 
All drain-cocks will have their handles jwinting downward 
when close<l. All traps are to have hyc-pass pijtesand valves 
for oouvenienceof overhauling. 



AUXILIARY ENOINE STOP-VAI.VES. 

Each auxiliary engine will liave stop-valvea in both steam 
and exhanst-}ii]H» as close as possible to the oyliuders, and all 

fium[)9 will have screw cheok-valvi>8 iii both suction atid de- 
ivery pi[)es close to pumps. Kxlmiut sto|>-\'alves arc to be 
straightway when practicable, 

6EA-VAT.VKK. 

There will be in the varioas eotnpartincnls sca-valvcs as 
follows : 
In after engine-room : 

ilain injection, with Jet-injection and anxiliary pnnii>-suc- 
tion attache<1; 

Main bilge dist^liarge; 

Main outlxard delivery; 

Air-pump delivery, with main bilgc-punip discharge at- 
tached ; 

Hand-i>um]> delivery ijverl)oanl; 

Sea-valve of engine-room water-servi<«. 
In foi-wanl cngine-r()oni : 

Duplicates of the valves in after eiigine-rwim, and also the 
following: 

Main sea-suction, with brandies to auxiliary feed-pumps 
and to pi|>e for tilling com]mrtincnts of double Itottom ; 

Auxiliary bilge and fire-jmnip delivery overboard; 
In after fire-room : 

Bottom blow King^iton; 

Surface blow Kingstim; 

Auxiliary fcetl-punip <lelivcry ovcrboanl. 
In forward fire-room : 

The same as in after fire-room. 

There will also be a sea valve for suction to the distiller- 
pump, located in such ]Kisitiou as may be directetl. All sea- 
valves not otherwise sjiccificd or shown in drawings will l>e 
of the Kingston |>attern. All sea- valves will be alwve the 
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double bottom. Tlic blow Kingstons will have etop-valves 
close inboard of tlicm, with stems to work from fire-rooms. 
All KJDgstoD valves are to have their spindles cast on, ami 
are to be proved by tensile strain of half a ton to every 
square inch of the area of the calves. No wast«-water is to 
be delivered above the water-line. All sea-suction valves 
are to have gratings on the out-side of the vessel similar to 
that shown fur the main injection-valve. All valves not 
shown in detail are to have clear openings equal to the com- 
bined areas of the connecting-pipes, 

AITACHME.VT OF VAI-VES TO HULL. 

The o|>enings in hull for the attaeliment of valves over 6 
inches diameter will btt rectangular, and valve-nozzles will be 
made to correspond. These valves will be attached to the hull 
in a similar manner to the main-injection Kingston. Valves 
of 6 inches diameter and less will be atlachcd similarly to the 
6-inch XingHinn shown in detail. 

PLUGS FOIl DISCHARGE OPEKIXG.S. 

A composition plug with Indi.i-rubber joint, as shown in 
drawings, is to Iw fitted to each <lischai^-opening, to be put 
in or taken out by means of a lever on the ship's side above 
the water-line. The outriders on the ship's side are to be 
complete with all levers and gears. 

Bll.lit>-SUCTIOX VAI.VI^nOXES. 

The bilge and double-bottom suction valve-boxes and valves 
are to be supplied by the engine contractors, who will also con- 
nect them with the pum})s, but the connections to them from 
the 12-inch and 6-inch bilge-drains and from tJie forward and 
after com)Htrtmcnts will l)e made by the hull contractors. 
There is to be a scjMirale valve for each suction, and they are 
all to be plainly marked to show their use. The valve-boxes are 
to be made of comiK>sttion, and not of cast-iron as shown ia 
drawings. 



COCKS ASD VALVES. 

All cocks and valves and their fittings, unless ctherwjse 
specified, including all haud-wheels, are to be made of compo- 
sition. All cocks coninmnicating with vacuum spaces are to 
have bottoms of shells cost in and to have packed plugs. All 
cocks above 1 inch lu diameter are to have packed plugs. All 
glaud-etuda of cocks or valves attached to the hull or under 
the floor-plates are to be of copper. Valves of approve*] pat- 
tern are to be supplied wherever necessary to complete the 
various pipe systems, whether shown in drawings or not. 
Cocks and valves may, where directed, have, in lieu of wheels 
or permanent liandles, movable box or socket-wi-enches, marked 
and stowed where directed. All valve-uhccls are to turn right- 
handed to cloec. 

I.ABEI,S ox aiCKS AND VALVES. 
All cocks are to have engraved brass ])lutcs to show their 
use and to indicate whether open or shut. All valves, except 
such as may be directed, are to have similarly ongriived plates 
to show their use, or have the same plainly engraved on hand- 
wheels. 



A com|K>sition stciim- whistle, m ilh l>ell of G inches diam- 
eter, is to l)e placed forward of the snioke-pii>e, well aljovc the 
level of the awnings, and connected to the auxiliary steam- 
pipe liy a pipe having a stop-valve at its lower end and a 
working-valve at the upper end. 



Thei-e is to^be a steam-siren of approved pattern and s 
placed anil connected similarly to the whistle. 



BADIATORS. 

Radiators or hen ting-coils of approval pattern, divulwl, 
and placed where directed, will be furnished, fitted, and oon- 
nected, with superficial areas as follows: 

For the mbin, 80 square feet; 

For the ward-room, 32 Rqiiarc feet; 

For the steerage, 'M square feet; 

For the war<l-rooni country, 185 square feet; 

For the crew's quarters, 31 5 square feet ; 

For the sick-bay, 16 square feet; 

For the chart-house, 7 square feet; 

For the wheel-hoasc, 16 square feet. 

Each radiator or «til, unless otherwise directe<l, is to !« 
divided into two [>nrt:^, each with its own steam and draiu- 
valve. The steam and drain-pipes are to be of seamless drawn 
brass, iron-pii>e size, suitably connected by composition fit- 
tings in a manner that will enable them to be easily taken 
down for repairs. The steam-pipes will connect with the 
auxiliary stcam-piire in the auxiliary boiler-room and will be 
fitted with adjustable reducing-vafvcs. The dniin-pipe of 
each ciri'uit will Iiave an approved steam-trap dis<-liarging 
into the feed-tanks, and elsewhere as may be directed. 

SHAFTS TUROrdll l)l'LKHEA1>8. 

All shafts pa.ssing through water-tight bulkheads will be 
provided with stufling-lxj.xcs. 

Kl/K)n- PLATES. 

The enfjine-roonis, fire-rooms, auxiliary boiler-room, and 
connecting passages are to I* floored with wrought-irou about 
J-inch thick with neatly matched narrow corrngat^ons run- 
ning fore and aft. The plates are to l>c of convenient size 
and easily removable. They will rest on proiicr ledges and 
will have drain-holes where necessary. Projicr platforms will 
1086 'J 
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he provided for getting iit all parts of tlie main and auxiliary 
engines and Ixiilers. These iilatforms where placed over 
moving machinery will be fitted the same as the lower fioorj. 
In other places they will be made of iron rods g-inch square 
SpQCCtI 3-inch ajmrt. 



[^adders will l)e fitted wherever necessary for reaching the 
cnginc-roonis and fire-rooms from deck, and for reaching the 
varinii3 platforms, i>a3.«ges, and parts of machinery. The 
cngine-rooni ladders will be made with plate-iron sides and 
light cast-iron treads with corrugated to|is. The fire-room 
ladders will be made with plate-iron sides and double sqnare 
\ar treads. All ladders will Iw so fitted as to be easily remov- 
able where required, and will bcjninte<1and hinged, with neces- 
sary fastenings and gear, where they have to be moved when 
closing the battle- hatches. Ladders will be fitted to and 
through engine-room ventilators as means of egress when the 
l»atlle-hatches are closed. Suitable means of egress from fire- 
rooms will also be provided without jtaising tlirouj^h the air- 
locks 

IIAND-IIAII-S. 

Fiiiishe<l bntss hand-rails with finished wrought-iioii stan- 
chions, easily removable ((here necessary, will be fitted to all 
laddcrfl and platforms and around all moving jwirts of nia- 
ehincry and along bulkheads and jia-'sageways. 

KNOlNE-ROfJM IXSTRUMENTS, 

Each engine-nxim will Iw filted with the following, in full 
view of the workirig-jilatform, ami properly lighti-d : 

One Lane's impr(ive<l spring stcani-ginige, cormected to the 
main stoam-pi|>e. 

One Tjaiiea improved spring com]viuud-gaiige,ciHine<-ted to 
the receiver. 

One appniveil spring vacinim -gauge, connrcfe<l to the con- 
denser. 
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One uight-day clock with sccond-lmnd. 

One coutiQuous rotarynxmnter with positive motion, to reg- 
ister from I to 1,000,OIK). 

Two re volution- indicators, showing on i^nitablc dials the 
si>eed of both screw-cnginos. 

One telegra[>h-<lial. 

Four tlicrniometers, viz : one for feed-\vater, one for injec- 
tion-water, one for discharge- water, and one for steam in main 
steam-pipe. These thermometers, if directed, will be placed 
close to their piirts of the engines instead of on the working- 
pi; t'brm. 

There will be on eacli circnlating-enginc and on each air- 
) urn]) engine a counter or a revolution-indicator, ns may be 
dr^Hted; and on etich condenser a mercurial vacnum-gange. 

Each working-i)!atfi)rm will lie fittc<l with tclcgni])li3 and 
sixaking-tuljes leading to engii)e-riK>nis, fire-rooms, wheel- 
house, deck, and wbere directed. 

Each engine-room will b<! furniwhwl with four TLoiniison 
indicators of standard size, of tlie latest ixittern iniidc by tlie 
Americiiu Stcam-Gaugc Comjiany ; each to l)e fitte<l with a 
spring of 40 pounds to the inch and one of 16 pounds, witb 
pniper attachments, all nickel -plate<l. Also one extra cock 
attachment for eiicli indicator. lOach Indit^ator to be in its own 
case and to be snitjihly marked. Cases to be conveniently 
stowwl. 

All gitugcs, cliM'ks, and i-onnters, to have dials of at least 8J 
inches in diameter. All fittings to be of jKdislied brds.s. 

KN(;ixe-in>OM J/Ki-DKSK.S. 

A desk of approved pattern with locked drawer, is to be 
fitte<i in each eiigine-riK>m where directed. 

IM'ICATUR F1TT1NG.S AND MOTIO.NS. 

An indicjitor connection is to be made to each end of each 
steam-cylinder of the main, air-pump, and circulating-engines, 
and to each end of each air-pump as near aa ijc«Ra\l<!. \Ki *JMt 



CO 

bores of the cylinders ami so as to be easily accessible. Eacli 
indicator, wlieu in place, is to I>e connected to but one end of 
a cylinder. The coDoecting pii>es are to be of 1-ineh bore 
ami without bends. The indicator motion of each engine is 
to be so fitted that both indicators on its cylinder can be con- 
nected at the same time. The motions of tlie indicator-barrels 
are to bo coincident with the motions of the corresponding 
pistons. 

All steam -cylinders of engines not above specified are t« 
have holes tappc<l for indicator fittings, mid the holes plugged ; 
the corresi»nding engines are to have ptirlable indicator mo- 
tions fitteil; then reuiove<I and suitably stowed. 

E.VaiXE-IH)O.M Tfil-EGliAPIIS. 

A rejiealing telegraph of approve*! pattern is to bo fitted in 
each engine-room and connected to transmitters in couning- 
tower, in wheel-house, and on bridge. The connections are to 
be made iu such a mimner that the cha!ic2 of derangenont 
shall be minimized. 

HPEAKISa-TOnES. 

Si>eaking- tubes, fitter! where directed, will be made of cop- 

p^T not less than Nu. 20 B, W. G. E-ioh tube will be fitte<l 

at eacli end with a mouth-|>iece and approved anunnciator. 

The tubes will he suibibly cased where necessary. 

REVOLUTION-INDICATORS. 

Bevoliition-indicators are to be of such approved [Kitterii 
as shall not be affected to a pereeptible degree by the motion 
of the ship or by changes of teiu|)erature. They must be 
worked off the engines by pisitive motions, and must be so 
fitted that changes of engine 6[Ked shall not produce violent 
fluctuations of the indices. 



Tell-tales with projier fonuwtioris are to be fitted on the 
bridge and in the c<)nning- tower to show tlie dircf-tions of mo- 
tion of the projtelling-engiues. 



(JOVKiixons. 

An cHicient governor of approved type, with all necessary 
connections, is to be fitted to each propelling-engine. 

lA'imiCATION. 

All working parts of machinery arc to be fitted «ilh 
efKciciit luliricators, witli capacity for i^iiJlicicnt oil fcr four 
hours' running. All moving parts of the propelling, air- 
pump, circuliiting-puni]), main feed-pump, and blower-engines 
are to have approved automatic oiling devices, so that they 
may he luhricatod without slowing. All fixed oil-cnps will 
have hinge<l covrra. Moving oil-cu£w, where necessary, will 
have removable (rovers. 'I'he supply of oil to various parts 
is to be easily regulated. 

There is to be fitted at the highest jKirts of main valvc- 
che.'^ts, dire<!tly over each slcuun port, a glolm or pump oil- 
cup with the necessary valves and pi|)es; also, one similar 
cup to each valve-chest of other engines. There will Ihj 
fittc<i to each main stca m- pi |)e, close to mahi valve-chest, a 
Sielwrt {or e<iuivalent) sight^feed oil-cup of two nnarts cajiac- 
ity. A W, smaller sight-feed ciii)sare to be iittetl to each air- 
pump, circulating-pump, main feed-pump, and blower-engine. 
All sight-foed cups are to have ample condensing surface on 
their steam -pi i>es. All oil-cnps and their fittings, exwpt 
such as are oist on bearings, are to bo of finished cjist-brass, 

OIL-DRIPS. 

All fixed Iwarings will have drip-cups ca.-it on where poi- 
eible; otherwise they will be of cast-brass and properlyapplicd. 
All moving [arts will have drii)-cups or jians, cast in engine- 
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frames when possible; otiierwise to be made of shwt-brnss. 
The oit from nil drip-<:u|« on each niaiu euginc is to run into 
a larger reservoir, fitte<l with a small Iiaml-punip, so that the 
contents may be [Himped out while the engines are at work. 

ASn-SPIt]NKI,EI!8. 

A rock for wotting down a.=Iics will-ltc fitted in eneh fiitv 
room as shown, anil will be supplied with all necestsary hose 
and nozzles. 

JOURNAL- HDXES, 

All journals, or moving parts of iron or steel, unless other- 
wise sjiccified or shown in dmwings, are to run in oom]iositioD 
boxes. These boxes are to be lined with ajiproved aiiti-fric- 
tion metal where sh{>wn in drawings. 



STl'FFIX(i-I!OXE8. 

All iron stuffing-boxes are to have eoiui>ositioii bushings. 
All glands are to l>e of eom|H>sition. All gland-unts on stuff- 
ing-boxes of pn)i(clUng and air-pump engines, and of air-pumps 
and main bilge-pumps, will !« fitte<l with pinions and spur 
rings. All glands not so fitted will have lock-nuts on their 



I'UMl'-CY 1,1 S HERS. 

AH pump-cylinders, together with their valve-boxes and 
fittings, are ti> be niatlc of composition. 

liOI-TS AM> SL"rs. 

All bolts and nuts are to conform, ex<»pt in S)K>eial c-.tses, to 
the United States Navy standard. S< ■ re w-th reads on Iwlts 
and nuts must in all eases conform to the above standard. All 
finished Ixilts, except where ilirected, are Ut be prevented from 
turning, by dowels or other suitable devices. Alt Iwltson mov- 



ing parts and on pillow-blocks, cxcciit where otlicrwise tiliowa^ 
wHl be fitted witli lock-nuts, and the bolts will extend beyond 
the nuts, without threads; will be finished with rounded ends 
and fittnl with split-pins. 

SUI'I-ORTS FOIt LAMPS. 
Approved supports for lam|>a will Iw fitted where directed. 

GEAR rait lVOBKI.\(i VAI.VKS FROM DECK. 

The gears for working, from deck, tlic safely-valves, main 
steam-pipe stoj)-valve3, and engine stoj)-valves will each be 
fitted with a hand-wheel. The stop-valve hand-wheels will 
be about 16 inches in diameter, and those fur the safety-valves 
about 10 inches. The wheels will l>e made of finishtd brass 
and will have their rims (;onne('te<l to the hule by ])1ain disks 
without holes in them. The rims will have radial holes for 
the insertion of pins to assist in turning. The staiulanls will 
be <iLst of conipusitioii, left rough, and paiiite<l. 

i,ifting-(;ear. 

Efficient lifting-gear, consisting of traveler-bjirs and pulleys, 

deck-beamolanii>s,tnni-ljn(kk's, shackles, hooks, eye-bolls, and 

as may l)e direc'twl, will be fitted wherever required for lifting 

jwrts of the machinery for overhauling and repairing. 



Four oil-tanks of 200 gallons cajKicity each will be fitted 
where directed, with facilities for filling fn>ni deck. They 
will l)c mnde of wrought-iron not less than J-incli thick, and 
each will have a man-hole and cover near the to]) and a W-ked 
cock for drawing oil. In each enginc-i-oom there will be fit- 
te<l two cop|)er oil-tanks of 16 gallons «ich, and two of 6 gal- 
lons each, and in each fire-room one of 5 gallons; all with 
locked co«-ks, AH oil-tanks will be fitted with drip-])ans. 

An iron tallow-tank of 100 pounds cajwicity, with hinged 
cover, is to \ie fitted where require<l. 



VEXTII.ATORS. 

Ventilators ami fittings, two for each engine-room, two to 
each fire-room, nnd four for uptakc-rounis, as shown in draw- 
ings, aro to he supplied. T)ie ventilator-shafts are to l>e of 
wrought-iron, and tlie cowls of copper, not planished, witli 
<»st com)K)sitiou hase-rings finished on tlie inside but left un- 
finished! on the outside. The engine-room ventilator-cowls 
are to he fitted to he worked from below and the others from 
above. The gear for revolving cowls is to \k of composition, 
except the spindles running to engine-rooms. The hand- 
wheels on deck are to be of jiolisiied bras^, and in the engine- 
room may be the same or may Im- replaced by wronglit-iron 
X-handles, as may l>e direttcil. The fire-mom ventilatoi-s to 
be fittetl with proixT doors at the npjwr deck and to !« other- 
wise fitted as liefore siKN-ificd to be used for hoisting aslies; 
also to be so fitted that tl»ey may be used without the Mowers 
fur natural draught. 

SM()KE-;'ll*E (OVER. 

A snioke-piiKJ cover, in two [larts as shown, is Ki l>c fitted 
and to be securely stowed in a convenient place. Each pirt 
is to be fitted with ove-bolts and shackles for lifting bv. 



JNSTIIUMKST.S ANIt TOOI-S. 

The following instruments and tools are to be Airni^^hcd in 
addition to such oti are ctsewliorc s[>ecified, \h i 

Two Thom])son indicatoi-s of same kind as furnished for 
main engines, each in its own uLsc, with fittings conijtletc. 

Two spare water-thernmmetei-s. 

Two H|«ire steam -thermometers. 

One standanltzcd thermometer in suitable ca^, witli tirlifi- 
catc of standanli/^tion. 

Two complete sets of firc-tools for each fire-ixumi, sto\ved in 
aiiitubic racks. 

LaKV-bars for all furnaces, fittetl in place. 
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One aet of ii-renehes complete for each engine-room and 
each fire-room, to \te fitted to all nnis in their respective 
compartments, finished, and marked with sizes, nnd iitti-d in 
iron racks of approved pattern. The wrenches for nnts of all 
bolts over 2 inches diameter are to be box-wrenches,whcr(! suc)i 
can be used. Socket-wrenches to be furnishod where reijiiired. 

One pair of fajB, on rod, for tappin<; front and baoK tnl)e- 
sbeets of boilers at one operation. This is to be u dnpliuite of 
that used in originally tapping the sheets, and is to be so packed 
as to be perfectly protected from injury. 

Two steam tube-cleanera.nneforeacli fire-room, of approved 
design, with fittings and connections complete. They arc to be 
of sufficient length to <lean the tubes from the firc-rooui ends 
through furnaces or ash-pits. Each to be fitted with a wooden 
handle and to i»e stowed in a wmvenieut rack in fire-room, A 
8|>are nozzle and flexible steam-hose is to l)e furnished with each. 

A fixed trammel for setting the main piston-valves without 
removing covers; the vnlvc-atems to \>e properly marked for 
this purpose. 

A fixeil trammel for each railius-link of valve-gcur, for set- 
ting the centers at the proper distances. 

A fixed trammel or gauge for each CTid of each crank-shaft, 
forgauging the height of shafts — brass pins l>eing let into the 
bed-plates and center-marked for this purpiiso. 

All the alx)ve-mentioned trammels tu be stowed in suitable 
cases, so as to be protectee! from injurj'. 

DUPMC'ATE PIECES. 

The following dnplicafc pieces, in addition to others speci- 
fied, are t<) bo furnisho^l, fitted, and ready for nso, viz : 

One set of valves for each steam-pump ; 

One seat, with guanls and bolt;* complete, for receiving- 
valves, and one for deli very -valves of air-pump^ ; 

One-lialf set of follower-bolt-* and nuts for each steam- 
piston, and one for each air-pump piston ; 

One-half set of springs for each steam-piston ; 
4C8C 10 
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One set of brasses for eacli craiik-shaft journal j 

One set of liraases for each crank-piu Journal ; 

One set of brasses for each cross-head journal ; 

One cast-inin shoe for each cross-head ; 

One set of brasses for each thrust- bearing ; 

Two hnn(Ire<i coudenser-tulxs iKickcd iu boxes; 

One hundred stay-tuhps, threaded to fit threads in tube- 
sliccts, and 300 plain Itoiler-tubcs, swelled at one end and 
annealed. The ends of stay-tul)os to be wrapiKxl in canvas. 
AH boiler-tubes to be securely slowed in racks or at directed ; 

One hundred stay-tul>e nuts; 

One spare basket for each Maoomb bil<fc-«lrainer; 

One-eighth of a set of grate-biu-s ; 

A comi>lcte 5!'t of brasses for each niiiii-ongine valve- 
gear; 

A com|ilote ,sct of ciip-Iciithers for hydraulic cyltiiders of 
re vers i iig-e n gi lies. 

All duplicate jiii-ces not of brass are to be |>iiiuted with 
three coats of white lead and oil, and well tashed in tarred 
canvas, wiCli the name marked in black paint on the outside. 
Biu*.s piei-es arc to be marked or sdinipeiL 

SBcrurxfj ExiiixES in siiii>. 

The engines will be secured to their seatings as shown iu 
such drawings .»a may be funiishetl. If no drawings arc 
furnishc<l the following nietliofl will be a<Ioptod i 

The enifinos will i)e adjusted and lined upon t!ie engine- 
se:itings by means of hard wooden wcilges driven t'wni both 
sides of the bearing snrfaiTCs, and when accurately in line the 
spac-es around the holding-iluwn bolts between solc-platcs and 
cngine-scatings will bo filled by accurately fitting wrought- 
ii-on horse-Mhi>c washei-s, upim which the Imlding-ilown bolts 
will \>e set Up and their nuts lix'ked in place. 



MATERIAI-S AND WORKMANSniP. 

All castings mint he souml ami true t<» form, and before be- 
ing [iiiinlcd must be well cleaned of sand and scale and all tins 
and roughness removed. 

No imj>erfect or unsound casting or foiling will be used if 
the defect affects the strength, or, to a marked degree, its sight- 
linea-<. 

All nuts on rough castings are lo fit facings raiscil above 
the surface. All flanges of castings are to Iw faced, and those 
cou])1ed together are to have thoir ctlgcs made fair with each 
other. The fiicings of all circular flauges of castings are to 
be grooved. 

All bolt-holes in jwrniancntly fixe<l parts are to be reamed, 
or drilled fair and true in place, and the bodie of bolts fin- 
ished to fit them snugly. 

All tlireads on l)olts and nute arc lo be of the United States 
Xavy standard. All piiies l)eiieath floor-plates are to be con- 
nected by folded bolts and nuts of Tobin s metal. 

All brasses are to fit loosely between collars of shafting. 

All brasses or journals are to be properly channeled for the 
distribution of oil. Packing fur stuffing-boxes to be such as 
may Ik; approved. 

All small pins of working jiarts are to be well case-hard- 
ened. 

All materials used iu the conslrudion of the machinery are 
to Ix! of the best (piallty. The iron otstings are to be made 
of the best pig-iron, not scrap. 

Comp<»ition castings are to be made of new materials. For 
all journal-l»oxos and guide-giiw, where not otherwise specified, 
the composition is to be, by weight: 
Copirer, 6 parts. 
Tin, 1 jart. 
Zinc, J " 

AVhere Tobiu's metal is specified the composition will be: 
Copper, 6fi.22 % 
Tin, 2.30 '• 

Zinc, sa.^a « 
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For other co.iipDsitioii tlie proportions will be : 
Copper, 88 % 
Tin, 10" 
Zinc, 2 " 

Ornamental brass fittings to l>e of uniforni color. 

All boiler-plates are to be well cleaned of oxide-of-iron 
scale. 

All flanged }>arts of toilera are to l>e annealwl after flanging, 
in an approved manner, 

Tlie contractors for the hull will supply the labor to fit the 
seatings to the engines, boilers, and aiixiltaries. 

All parts of machinery and boilers are to !« secured in an 
approved manner to prevent disjtiaceinent when the vessel is 
ii-ied for Rimming. 

All work is to be in every respect of the first quality and 
executed in a workmanlike and Hul>stantial manner. Any 
]X)rtton of the work, whether partially or entirely completed, 
found defective, must be removed and satisfactorily replaced 
without extra charge. 

TfSTS OF MATERIAIS. 

All materials used in the construction of llie boilers, shaft- 
ing, and steel castings, will be tested in act-ordaucc with the 
" Instructions to Inspectors," a copy of which is apjwadcd to 
these specifications. All boiler and condenser-tubes must bo 
tested to 300 |>ounds internal water-pressure before Ixiing put 
into boilers and condensers. India-rublwr valves are to be 
of the l)est Para caoutchouc, an<l to be of homogeneous char- 
acter. Valves taken at random are to stand a dry-heat test 
of 270° F. for one hour, and a moist-heat test of 320° F. 
for three hours, without the quality being imjtaired. 

TESTS OF BOILERS AXD MACHINERY, 

Before the bailers are painted or placed in the vessel they 
will be tested under a pressure of ISO pounds per square incii 
above atni<»phcric pressure. This pressure is to be oUtsjjjiRA 
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by the a|>plio:ition of hait to water ^(itliiii the Iwilei's, the 
water filling the l)oilei^ quite full. 

Eu'h htgli -pressure oylinder and valve-ohest, the auxiliary 
en;;iiies, and all steam -jacket*, pi()e3, and connectiona subjectwl 
to the boiler- pressure are to be t^-sled by water-pressure to 180 
pounds to the squarn inch; the low-pressure cylinder and the 
receiver to 60 Dounds, and tlie steam side of the condenser to 
30 pounds. The feed-tanks und alt remaining parts aro to I>e 
teste*! to 15 [Kinnds i>er s-qunre inch. The cylinders and con- 
densers are to bo tested by water- pressure i>efore being placed 
on lx>ard, and wo placed that all [Kirts may be accessible for 
examination by the Inspector durhig the test, No lairgiiig or 
oovering is to Ijc on the cylinders or coiidciisfrs during the 



After a satisfactory test llie Itoilcrs arc to Ix' [Miintcd on the 
outside witli two awits of brown zinc and oil. All engine- 
work not finished to be primed with two coats of brown zinc 
and oil, and when placed in [million on board the vessel will 
be {lainted with two coats of paint of approved color. 

The shafting m to be yiainted, when in plucc, with twocoats 
of white lead anil oil, and the boiler fronlti with two coats of 
lamp-black uiid oil. The smoke-])ipe is to l)e thoniughly 
painted, both bcfon^ and after erection on board the vessel. 

The ventilators and cowls will bo [tainted similarly to the 
smokc-pipo, except liic interiors of cowls, which will k- 
painted vermilion. 

All steam-piprs not laggetl will Iw paintctl white; exhaust- 
pipes, green ; water-supply pil)es, red; anil wator-discharge- 
pipes, lead-color. 

PRELIMIS.VRY TESTS AND TlilAI.S. 

While the engines and boilers arc being completed steam 
will be r.iised in the boilers whenever require<I to test the 
<x)nncctions, the working of all mrts of the maiu engines and 
Imilers, and all auxiliaries. All expense of such preliminary 
tests will lie borne by the contrjictor. 



rxsPErToiis (jfficb. 



A Kiiiluble office anil <]rauglitiiig-nK)in, property fitted and 
licated, (or the use of the Iiis]H'ctor of Machinery and his assist- 
ants during the building of the machinery, is to be furnished 
by the contractor. 



ItECOUDS OF WEIGHTS, 

All materials and ])arts of ttie machinery must l)C oarofully 
weighed by the corltraotor when ready to go on board the 
vessel, and u record of the weights in detail furnished to the 
InsiK'ctor, rertificil to by blni, and rei>orted to the Biirenu of 
Steam EnginetTing. 

WORKIXO-IIRAWJNOS. 

All drawings nceccaary for tlie i)roec<-ution of the work 
iiinrit be i>re|>are<l by and at the cx|>eiise of the contractor. 
'I'liose which are merely developments of the drawings fur- 
nish*^ and of these specifications must be subject to the 
approval of ihc Kngineer-in -Chief or of the Inspector of 
Machinery, as may !« directed, liefore the work is onlered or 
eoninientwd. 

lit the ilrawings furnished, figured dimensions, where given, 
wilt be followed, and not Rcale dimensions, unless otherwise 
directed. All dlscreirancies discovered in drawings or between 
drawings and s|)ecifi(.'ations will Ik: referred to the Inspector of 
Machinery, who will keep a record of the same, t<^therwith 
his decisions, and forward it to the Bureau of Steam Engi- 
neering. 

CIIANOES IN PIJIKS. 

Tlio <tontractor must make no changes from the drawings 
furnished, except iw may be herein directed, or from the pro- 
visions of these specilieatious without preparing complete 
plans of such pn)posGd changes and submitting the same to 
the Engineor-in-Chief for nppnn'al. 



DltAWIiVdS OF a>JIPLLTED MACHINERY. 

A complete set of drawings of the machinery, as fitted, 
must 1)6 tiiniialied by llie contractor, certified to by tlie In- 
spector of Machinery, and forwarded to the Bureau of Steam 
Engineering immediately upon completion of the work. 



OMLSSIONS. 

The engines, Itotlers, uptakes, and smoke-pine, all auxilia- 
ries, their piping and couneetions, and all aea-vafves, except the 
cutting of the holes for the same, and all parts described in 
these specifications and the official drawings, are to be fitted 
complete to the vessel by the engine contractors, and any part 
of the machinery, or any article pertaining thereto, which 
may have been inadvertently omitted from these specificationa 
or from the official drawings, but which is necessary for the 
proper completion of the vessel, is to be supplied by the con- 
tractor, without extra charge. 
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TESTS OF STEEL FOR CRUISERS. 



INSTRUCTIONS TO INSPECTORS. 

The fulluwiiig niles are preucrilieil in order tu inBure tlie futfillniL-ut 
of the clause of the Act of Congress of Augnst 5, 1882 : " Such vesxela 
* * * to 1)6 constructed of steel of domestic mauufacture, haviiiK 
as tivsr as may be a teii»ile strength of nut less thau sixty thousand 
pounds to the square inch, and a ductility in ei);ht inches of not 
less than twenty-live jier centum." 

I. All ship-jdates, l)eamB, angles, rivets, bolts, hoiler-iilates, and stays 
are to be inspected aud tested at the place of manufacture by aXaval 
Inspector of Material, and to be passed by him, subject to restrictions 
hereinafter mentioned, before acceptance by the ahip-builders, whet lier 
Government or private, for iucoriioratiun into said vessels. 

II. Every plate, beam, and angle supplied for these vessels is to be 
clearly and indelibly stauipe<l in two places, ami with two separate 
brands: 1st. With that of the maker, which shall distinguish tlie name 
of the manufactory or company : 2il. With the regulation brand of 
the Kaval Inspector of Material. The latter not to be stamped upon 
any of the abuve-mentioucd material until it shall have passed an in- 
spection for surfiice or other defects of manufacture and the physical 
tests have been accepted l>y the Inspector and have been stamped with 
the maker's brand. 

In case of siiiall articles passed in bulk the aliove-men tinned brands 
shall be applied to the Wiingor packing material of the objects. 

Ko steel material^to be receive<l at the l>uilding yards fur incorpora- 
tion intu vessels except It bear, cither upon its surface or that of its 
packing, both of these brands as evidence that U has passed the neces- 
sary liuvemnient ins|>eetiun. 

III. The weight of all plates, beams, angles, &c., must be obtained 
by the Inspector of Material before deliver^'. 

Plairs of 12) lbs. per si|nare foot or less, and strips and lars of 6 lbs. 
p«r lineal fut)t ur less, may bo accepted if tlie weights vary betweeu 3 
per cent, aboie autl 5 per cent. 1 eluiv the specified weight-. 



All otber plat«B anil ithapes may be accepted if the weights vary be- 
tireeu the apecifieil weights and 5 per eent. lielow tbem. 

All plates and shapes not hein^ within the liinita here apecifieil may 
be njected. 



All material except boi!er-]>latpa sliouldbetesteilliy heats aafullows: 
A iipeciinen ingot or bloom shall be selected and rolled into a plate 

or bar and test pieces cut tberefroni, provided always tliat tlie test 

pieces shall have received no more working than that which the 

finished material from the heat would receive. 
Four test pieces, of the form shown in Fig, 1, for jilatea, {aqiinre or 

round, in conditi<in aa finished at the rolls, may be nscd for the tests 

of shapes,) shall be made and tMited fur each lieat. 
Fig. 1. 



I t i__l 

The length A B must be ot leant 8 inches of uniform cruaa-Bectiou 
of which the areaeliould nut be lesa tbou i nor more than ,'j of one 
square inch. 

The reduction of width tbroughont the length A B slionld be jnst 
sufHcient to prevent failure in llie gri{is. 

The test pieces must not be annealeil unleHH the tinislied material ia 
to be annealed. 

Each test piece shall Iw'siibmittud to a direct tensile stress until it 
breaks, in a machine of approved character. 

The initial stress to be 30,000 pouuds i>et square inch. 

The Hrst load to bu kept in continuous action for one minute. 

An olmcrvation to be made of the corresponding elongation measured 
n]K)it the original length of 8 inches. 

The stress then tu be increased slowly until the principal elastic 
limit is deterniincil, after whirh additional loads will be added at 
intervals of time nearly as possible eijnal, and separated by half a 
minute, the loads to produce au increase of slrcsa of 5,UO0 pounds per 
square inch of original sectinn of the teat piece until the stress is 
about 50,000 iiounds i>er square inch of original section, wUeu incre- 
iOVS 11 



ments of BtreaH should not exceed 1,000 poDnds per square inch. Upon 
eloM approach to the poBsiblo ultimate Btieiit!tl' tbo load to be 
increased gradnally and its maximuin valne carefully uote<l. 

The final elongatiun to be that obtained after rnptitre. 

A list of all ingots made from each heat muHt lie supplied to the 
Inapeotur. Each ingot elionld be Htaniped in his presence with tlie 
□umber of the heat. He should altio nee the test plate or billet cut off, 
stamped, and rolled, anil place a private alaTiip upon it in such a, waj 
that each test piece will have the iiiiprcHHion of the stnuip near one end. 

CONDITIONS OK ACCRPTASCK. 

In order to be accepted the average of the four test pieces must 
show an nltimate tensile strength of at least tiO,D00 jMunds per square 
inch of original secttun, and a liual flougatioii in 8 inches of uot lesa 
than 26 per centum. 

Material which shows a strength greater than 60,000 pounds per 
square inch will be accepted, provided the ductility remains at least 
33 per centum. 

CA.SKS OK KAIUHB. 

irthearerago of these fonr tost pieces, numbered 1, 2, 3, and 4, 
(called Test I,) fall lielow cither of the required limitH, the ingot from 
which pieces 1, 2, 3, and i were cut Hhall he rejected, aii<I Test II made, 
consisting of piecee r, and R cut from u second ingot; if the mean of 
tlie results of these two fall below either of the above limits the 
entire lot shall Ire rejected. If it lie snccesHful Test III, or the mean 
of pieces T and S cut from a third ingot, shall decide. 

If in any of the Testa I, II, III, any single piece shows a tensile 
strength less than 58,000 pounds, or a tiiiul elongation less than 21 jier 
cent., the ingot from which it was taken shall be rejected and that 
test considered to have failed, regardless of its average. 

liVESCHISr, TBST. 

IV. A test piece shall lie cut from each plate, angle, or beani, and 
aftPt healing to a cherry-red plunged in water at a temperature of 82° 
Fahrenheit. Thus ]>repared it iiiiist bo ]>oH8ible to bend the pieces 
under a press or hammer mo that they shall be doubled round a curve 
of which the diameter is not more than one and a half times tho 
thickness of the iilatcstested,withuutpreHentiiigauy trace of cracking. 
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Theiw lest piecpa uinst uot Iiave their abeared Hides roDnildd off, the 
only treiituieut peniiitteil lietiig the takiug off the sh&Tpueos of the 
-edgea with a fine Ale. 

Innpecturs niH.v require a cold-beoding teat when considered aeces- 

AMHJtS, KKAMS, m'Ln-IIAKS, T-nAKS, ETC. 

V. Augle-haiK are to l>e Biibjected to llie following additioual testB'. 
A piece cut from oue bar in tweuty to lie opened ont dat, while culd, 
under the hammer; a piece cut from another liar in the same lot shall 
be rlu«ed nutil the two sides touch, while told. 

Ilulb Hud T-l>&Ts are to lieBubitiitted to a closin); test similar to that 
prescrihed for angle- bars. 

liars nn bill itted to Ihene tpsts must hIiow neither cracks, clifls, nor 



Each 1,000 lbs. of rivets A-oni the same heat of metal shall congtj- 
tute a lot, and be avcompanieil li; two saiujile bats, each 18 laches 
loug, fur tensile test. These samples for tensile test shall be cut fhim 
the linrs from which the lot of rivets is made, and be stamped with a 
number wliicli shall also be placed ou each Ixix or package of that lot. 

Th<>w> Banipk'S to be suliject to the same tensile test as that required 
for the plates. 

'I'be lot of rivets fvoni whirli this sample bar does not fulfill the 
reiiuiremeuts of tensile strength and elongation required for plates, 
is to be rejecte<l. 

From each lot, six rivets are to ho taken at random and submitted 
to the following tests, two rivets to lie used for each timt: 1st. Two 
rivets to lie flattened out cold under the hammer to a thickness of one- 
half the diameter, withont showing cracks or flaws. 2d. Two rivets 
to be tinltened ont hot ntider the hammer to a thickness one-third tiie 
diameter, without showing crocks or flaws. 3il. Two rivets to l>e bent 
culd into the form of a hook with parallel sides, withont showing 
crocks or Haws. 

nOILKIl MA TK RIAL. 

'IVo tensile test pieces shall be rut from each plate rolled for iHiilers; 
and one qnenching test piece, which shall be tested as before described, 
cxcci>l tbut, in the tensile tests, the initial stress may be 25,(HH) lbs. 
to the sijuare inch. 
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The HmitH of atreugtL for all plates, braces, Btttja, auglea, and T-bara, 
Bhall be as follows: 

Tiie ductility in eight inches nrnat not be less than 25 per ceDtum, 
and the ultimate teoHile atrength mnst not be less than 57,000 lbs. 
and not more than 63,000 lb«, ; and no single piece must show a lean 
tenaileetrengthtban57,000 Ibs.to the square inch, except plates for flang- 
ing and those used in the cuustruction of the furnaces, which will 
have an nltimatetenaileslrengthofuotlees thaa50,000ai)dofnot mure 
than 55,000 Iba., and a ductility in eight iuchea of not leas than 29 per 
cent. 

No steel for boilers whicli ia to be worked At a heat or to be annealed 
after working in the boiler-shops, shall be annealed at the works. 

The Acceptance of material under these tests will not relieve the 
contractor from the necessitjof making good any material which fails 
Lu working or may be rejected by the laapectDr. 



1. Each length of raugh-forged shaft should have a piece cat from 
it, at that ?ud which was uppermost in the ingot, of aufflcient size to 
allow the removal of apeoimeus for tensile test, parallel with the aitts 
of the shaft, having a measured length of 4 inches between reference 
tnarks and of i square inch sectional area when finiahed. 

2. From the piece ao removed, four t«at-piecea ahall be taken, two 
Bt circumference of finished diameter and two at i radius from center. 
These pieces to be broken in a machine of approved character, nnder 
the sHine conditions aa prescribed for " Testa of Steel for Cruisers." 

3. The ultimate tenaile strength of the four pieces must be within 
the limits of 26 and 30 tons (of 2240 lbs.) pev square inch, and that of no 
single piece may fall below 2d tons. Pieces showing greater tensile 
sirenglh than ^Utons will be accepted, provided the required ductility 
and other teats are satislieil. 

Tlie iluctility of no piece at enter radius may be less than 20 per 
cent., and that of nopiereat inner radius leas than 16 per cent., in the 
meaaurrd length of 4 inches. 

4. Itum |-iuch thick, cut at the outer radina, mnat atand bending 
donlile to iin inner diameter of H inches after common quenching in 
water trom a low cherry-red temi>eraiure. 

G. I'ierea cut from the rough- forgeil shaft for teat may not be anli- 
je<'t('d to any subsequenl Ireatmeul iir proccaa. 
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I). IiiBjiL-ctora uf Hteel Bhafliu); nhall havu full facilitivn to assure 
thvuisvlvti) uf tbi} ({eucral f^oud ijuality of the metal aud of a satisfac- 
tory iiietlKxl uf man u factum, ami may r«jecC any piece conaiilereU to 
Iwdefvrtive iii(|u»lily or fabriuatiuu, nitbunt regard to the pr«scril)«d 
teelH. 

TKKT 'If HTKKI. CAHTIM3B. 

All Hti'cl caNtiugB uru tu itatiafy tbu following cODditioos: 

T«nsi1o stririigth to 1w butweeu 60,000 and 70,000 pounds per square 

JdcIi of cruss-scctiiin- 
ExteiiBion in K inches uf length to be at least 10 per cent. 
Bars of tbc same metal I incli sijuare should be capable of bending 

culd without fracturu tbruugli uu Hugleuf 90° over a radius not greater 

ttian Ijl inches. Tost pieces arc tu lie taken from each important 

oiuitiuK. 



